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BLOOD LACTIC ACID CONCENTRATION IN BLACK BULLHEADS, 
ICTALURUS MELAS, AFTER TRANSPORTATION 
AND FORCED EXERCISE 1 
Charles W. Caillouet, Jr. 2 
Department of Zoology and Entomology 
Iowa State University 
Ames, Iowa 
ABSTRACT. In March, 1961, black bullheads were trans-
ported 2. 5 hours in a nonaerated live-tank with about 
0. 4 pounds of fish per gallon of water. The fish were 
then transferred to another 60-gallon tank containing 
aerated water at 20 ° C in the laboratory. Blood lactic 
acid concentration decreased from an average of 18. 5 
mg / 100 ml of whole blood at 0. 8-1. 4 hours after trans-
portation to 9. 2 mg / 100 ml at 2. 8-3. 4 hours. There 
were no further significant changes in lactic acid con-
centration through 34 hours. 
Bullheads starved for 52 days were subjected to 17 
minutes of forced exercise. The mean blood lactic acid 
concentration of unexercised fish was 5. 5 mg / 100 ml 
and that of exercised fish increased significantly to 
42. 3 mg / 100 ml 0. 0-0. 6 hours after exercise. By 4. 2-
4. 9 hours after exercise, the mean blood lactic acid 
concentration had decreased to near the unexercisen 
level. 
INTRODUCTION 
Black ( 1955) suggested that the· increase in blood lactic acid concen-
tration in exercised bullheads, Ictalurus melas, was insufficient to cause 
lethal acidosis. This he attributed to a low Bohr effect; i.e., the increase 
1 Journal Paper No. J - 5605 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 137 3, Iowa Cooperative 
Fishery Unit, sponsored by the Iowa State Conservation Commission, 
Iowa State University of Science and Technology, and the Bureau of Sport 
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in lactic acid had little effect upon oxygen combining capacity of the blood. 
Caillouet ( 1967) concluded that death in channel catfish, Ictalurus punc-
tatus, after live transportation and other hyperactivity was caused, at 
least in part, by lactic acidosis. 
This paper reports observations on blood lactic acid concentrations of 
bullheads after transportation and after starvation and exercise. 
METHODS OF DETERMINING BLOOD LACTIC ACID CONCENTRATION 
Each fish was stunned by a blow on the head before insertion of the 
hypodermic needle into the heart (as described by Perkins, 1957) to re-
move 1 ml or less of blood. The plungers of the 2 ml Luer syringes had 
been lubricated with mineral oil, and ammonium heparinate ( 1000 USP 
heparin units / ml') had been drawn into and flushed out of the syringe. 
Each blood sample was immediately expelled into a polyethylene vial 
containing 9 ml of 10% trichloroacetic acid solution. This mixture was 
filtered within 2 hours after sampling, and each filtrate was stored in a 
clean polyethylene vial at -14 ° C. Filtrates were later analyzed for lactic 
acid by the colorimetric method of Barker and Summerson (Hawk, Oser 
and Summerson, 1954). After e ach fish was sampled, its sex was deter-
mined by examining the gonads. From removal of each fish from water 
to completion of blood sampling required 66 seconds (range 15-150) in the 
first experiment, and 44 seconds (range 20-74) in the second. 
BLOOD LACTIC ACID CONCENTRATIONS AFTER TRANSPORTATION 
Mature black bullheads were collected w ith traps from Ventura Marsh, 
C e rro Gordo County, Iowa, and we re transferred to a pond near Clear 
Lake in the same county on March 1, 1961. On March 30, the fish we re 
seined from the pond, loaded into a 60-gallon, nonaerated, live-tank and 
transported for approximately 2. 5 hours to the laboratory at Iowa State 
University, Ames, Iowa. There was about 0. 4 pounds of fish per gallon 
of water. The tank was left uncovered during the trip. Upon arrival, the 
fish were transferred to a 60-gallon, aerated, live-tank in the laboratory. 
Water temperature was 20 ° C, somewhat w armer than during transporta-
tion. 
Blood sampling started within an hour after transportation and con-
tinued at intervals for 34 hours (Table 1 ). Concentrations of blood lactic 
acid in the first period after transportation were much lower than levels 
reported for channel catfish after transportation or forced exercise 
(Caillouet, 1967). After 2. 8 hours the mean concentration had dropped 
from the high of 18. 5 mg / 100 ml to 9. 2 mg/ 100 ml, and bttle change was 
evident in the later periods. 
Heterogeneity of variance was detected with Bartlett's test for sexes 
separate (P < 0. 05) and sexes combined (0. 05 < P < 0. 10). Therefore, 
heterogeneity of variance could not be attributed to possible differences 
in blood lactic acid between males and females. Since the standard de-
viations were proportional to the means (Figure 1), the lactic acid data 
were transformed to logarithms (base 10) before analysis of variance.' 
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Table 1. Blood lactic acid concentration (mg/ 100 ml) of mature black 
bullheads after transportation. 
Sampling period, No . Blood lactic acid concentrations 
hours after of Standard 
transEortation a fish Mean error Range 
0.8-1.4 13 18.5 2. 3 6.2-32.8 
2.8-3.4 13 9. 2 1. 5 3.8-24.7 
4. 9-5. 6 13 1 o. 5 1. 3 5. 3-20. 8 
8.9-9.5 13 9. 7 1. 6 5.2-26.5 
16. 9-17. 8 13 8 . 1 1. 1 4.4-20. 6 
33.2-33.8 13 11. 3 2.4 5. 1-31. 1 
aindividuals in each period were sampled one after the other during 
the period. Transportation ended at 2:30 p. m., March 30, 1961. 
Two analyses of variance were conducted (Table 2), one for sexes sepa-
rate (using disproportionate subclass numbers since the numbers of males 
and of females in each sampling period were not equal) with a factorial 
arrangement of treatments (Snedecor, 1956) and the other with sexes 
combined. In both cases, significant differences (P < O. 05) in mean blood 
lactic acid concentration among sampling periods were detected. Neither 
the effect of sex nor the interaction between sex and sampling period was 
significant. 
Keul' s sequential test (Snedecor, 1956, p. 253) showed that the mean 
blood lactic acid concentration 0. 8-1. 4 hours after transportation was 
significantly higher than those of the other sampling periods. Means for 
sampling periods 2. 8-3. 4 hours through 33. 2-33. 8 hours after transpor-
tation did not differ significantly from one another. 
STARVED FISH SUBJECTED TO FORCED EXERCISE 
The remaining bullheads were held for 52 more days. No mortality 
occurred during this period. The fish were not fed in the interim. On 
May 20, blood samples were taken from 6 unexercised fish; 18 others 
then were simultaneously chased in the shallow water of the laboratory 
tank for 17 minutes. Groups of 6 of the exercised fish were sampled at 
intervals after exercise (Table 3). Average weight of the starved fish 
was 61 g (r-ange, 27-110), whereas that of 78 fish sampled on the day of 
the transportation was 98 g (range 64-152). This decrease may not be 
antirely the result of starvation since some size selection may have 
taken place even though none was intended. 
For unexercised and exe rcis ed , starved fish, variances were not sig-
nificantly heterogeneous (0. 10 < P < 0. 25) with sexes separate, but sig-
nificant heterogeneity of variance was detected(P < O. OS)with sexes com-
bined. Thus, heterogeneity of variance in the latter case could be attri-
buted in part to the effe ct of sex. 
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Table 2. Analyses of variance of logarithmically transformed blood 
lactic acid concentrations (mg/ 100 ml) of mature black bull-
heads after transportation. 
Source of 
variation 
Degrees of 
freedom 
Mean 
sguare 
Sexes Separate (disproportionate subclass numbers) 
Sexes 
Sampling periods 
Interaction 
Individuals 
F O. 05(1, 66) 
Sampling periods 
Individuals 
Fo. 05(5, 72) 
3.99 
2. 35 
5 
5 
66 
5 
72 
0.0216 
o. 1997 
0.0819 
0.0411 
Fo.05(5,66) = 2 • 36 
Sexes Combined 
o. 1984 
0.0436 
F 
0.52 
4.86* 
l. 99 
5 
Table 3. Blood lactic acid concentrations (mg/100 ml) of mature black 
bullheads unexercised and after 17 minutes of forced exercise 
after starvation ( 21 ° C ). 
Treatment, 
unexe rcised, No. Blood lactic acid concentration 
and hours after of Standard 
exercisea fish Mean error Range 
Unexercised 6 5. 5 1. 1 2.9-9.2 
0.0-0.6 6 42.3 2.7 30.7-49. 6 
2.1-2.7 6 22.0 6. 0 6. 6-46. 8 
4.2-4.9 6 9. 9 2. 7 2.2-20.0 
aindividuals in each treatment were sampled one after the other. 
Exercise was at 10 a. m., May 20, 1961. 
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Table 4. Analyses of variance of blood lactic acid concentrations 
(mg/ 100 ml) of unexercised and exercised, mature black 
bullheads after starvation. 
Source of 
variation 
Degrees of 
freedom 
Mean 
sguare F 
Sexes Separate (disproportionate subclass numbers) 
Sexes 
Sampling periods 
Interaction 
Individuals 
FO. 05(1, 16) 
Sampling periods 
Individuals 
4.49 
F O. 05(3, 20) = 3 • lO 
~< Indicates P < 0. 05. 
3 
3 
16 
20 
289.45 
1,483.54 
47.45 
71. 51 
F 0. 05(3, 16) 
Sexes Combined 
1,628.73 
78.87 
4.05 
20. 74>:< 
0.66 
3.24 
20. 65* 
Two analyses of variance (Table 4), one with sexes separate and the 
other with sexes combined, were calculated with the original lactic acid 
data. Both analyses detected significant differences among treatments. 
Neither the effect of sex nor the interaction between sex and treatment 
was significant, but the effect of sex approached significance. 
Keul's test showed that mean blood lactic acid concentrations. of un-
exercised fish and of exercised fish sampled 4. 2-4. 9 hours after exer-
cise did not differ significantly, but both were signifi cantly lower than 
thos e of exercised fish sampled between 0. 0 and 2. 7 hours after exercise. 
Fish sampled 0. 0-0. 6 hours after exercise had a mean blood lactic acid 
concentration significantly higher than that of fish sampled 2. 1-2. 7 hours 
after exercise. Blood lactic acid increased rapidly from an unexercised 
level of 5. 5 mg/ 100 ml to 42. 3 mg / 100 ml during 17 minutes of forced 
exercise, then decreased gradually to near the unexercised level by 4. 2-
4. 9 hours after exercise. 
COMPARISONS 
The results of the experiments in exercising starved bullheads do 
not differ much· from other experiments with bullheads that had not been 
starved. Dean and Goodnight ( 1964) observed mean blood lactic acid 
concentrations of 10. 0 mg / l 00 ml in unexercised black bullheads and of 
48. 0 mg/100 ml in bullheads exercised 15 minutes at 20°C. Black (1955) 
reported values of 6. 4-9. 0 mg / 100 ml for unexercised black bullheads 
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and of 33. 1-37. 4 mg/ 100 ml for bullheads exercised 15 minutes at 
11. 5 ° C. The figures reported by Dean and Goodnight ( 1964) for bullheads 
at 5° C seem somewhat out of line and suggest that other factors were 
involved. The means were 45. 9 mg/ 100 ml for unexercised fish and 
100. 6 mg / 100 ml for fish exercised for 15 minutes. 
Black, Bosomworth and Docherty (1966) found no difference in muscle 
lactic acid concentration between fed and starved rainbow trout (Salmo 
gairdneri) exercised for 2 minutes. Differences in muscle glycogen in 
the fed and starved trout were slight, both in the unexercised condition 
and after 2 minutes of exercise, but starved fish exhibited lower liver 
glycogen levels than did fed fish. Starvation, they concluded, would 
place the fish at a disadvantage after transportation and liberation into a 
stream. 
The mean blood lactic acid concentration after 17 minutes of forced 
activity, 42. 3 mg/ 100 ml, was significantly (t = 6. 7, P < 0. 05) higher 
than that recorded after transportation, 18. 5 mg/ 100 ml. Forced exer-
cise was thus more strenuous than activity during transportation and 
brief handling. The fish with higher blood lactic acid concentrations also 
took longer to recover. 
Though blood lactic acid concentration increased as a result of mus-
cular activity during transportation and during forced exercise, no mor-
tality was observed in either case. This study supports the conclusion 
by Black (1955) that the black bullhead is well adapted to survive under 
various stress conditions, including hyperactivity. 
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YIELD AND COMPOSITION OF OATS 1 
K.J. Frey2 , P.L. Rodgers 3 , W.F. Wedin2 , L. Walter4 , 
W. J. Moline3 , and J. C. Burns3 
ABSTRACT. Two related experiments were conducted in 
1958-1959 and 1962-1963 at Ames to study yield and 
composition changes of oats. In normal oat plant de-
velopment, oat culm dry weight increased consistently 
from the 5-leaf stage to anthesis + 25 days, and per 
c e n t c r u d e p r o t e i n o f t h e o a t c u 1 m d e c r e a s e d f r o m 2 -1 
( 5 - 1 ea f stage ), to 1 0 . 5 (ant he s i s ) and 5 (mature ). Straw 
weight did not change after anthesis. At maturity, 
gr ain contained 70 % of the plant nitrogen and consti-
tuted 48 % of oat culm weight. As compared to normal 
plants, oats deheaded at anthesis to simulate self-
sterility yielded 2. 5 % less, remained greener and more 
succulent, but analyzed lower in crude protein and 
higher in crude fiber. Deheading did not improve the 
feeding value of the vegetative tissue. 
In Iowa, nearly the entire annual oat acreage is harvested for grain. 
Although oats is occasionally used for silage, it is seldom used as a 
short season or emergency forage. In drought years with forages in 
short supply, oat straw can be used as a roughage to carry beef and dairy 
animals through the winter feeding season. If a semi-sterile oat line 
was available, perhaps most of the nutrients produced by the oat plant 
would remain in the vegetative tissue, resulting in straw of higher than 
normal feeding value. 
'Herein, we report data from two studies: (a) the distribution of nitro-
gen and total weight among the various parts of oat plants at different 
stages of development, and (b) the total weight, nitrogen and crude fiber 
accumulation in oat plants allowed either to develop normally or that 
were manually deheaded to simulate sterility. 
1 Journal Paper No. J-5590 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Projects 1176 and 1539. In coope ra-
tion with the Crops Research Division, Agricultural Research Service, 
U.S. Department of Agriculture. 
2 Professors of Farm Crops, Iowa State University. 
3 Agronomist, Pioneer Corn Company, Inc., Associate Professor of 
Agronomy, University of Nebraska; Research Plant Physiologist, CRD, 
ARS, USDA, Raleigh, North Carolina (formerly graduate students at Iowa 
State University). 
4 Graduate Assistant, University of Nevada (formerly student ass.i.stant, 
Iowa State University, Ames, Iowa), 
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LITERATURE REVIEW 
Although some research reports ar e available to indicate the changes 
in the entire oat plant as it matures, there are few r e ports on changes of 
individual parts. Thus, Sotola (9) and Smit h (8) showed that the protein 
percentage of whole oat plants decreased during development. Smith (8) 
reported that protein decreased from 34% at the 4-leaf stage to 10% when 
the plants we re ripe. According to M e yer ~ ~· (5), the lignin percent-
age in oat plants increased from 3. 8 at jointing to 8. 5 at dough stage. 
Total digestible nutrients decreased from 68 to 53% in the same period. 
The highest nutritive value occurred at jointing, but the greatest produc-
tion of nutrients per acre was at anthesis. Crude fiber increased from 
20 to 30% of total plant weight at the boot and medium-dough stages ac-
cording to Sotola (9). In Wisconsin, Smith (8) found that crude fiber in-
creased from 16% of plant weight at the 4-leaf stage to 34% at anthesis and 
then declined to 30% at maturity. From studies by Klebesadel and Smith 
(4) and Smith (8) it appeared that maximum weight of oat plants was at-
tained at early-dough stage (approximately 20 days after anthesis). 
Klebesadel and Smith ( 4) found that mature oat grain contained about 
50% of the total plant nitrogen, whereas Be rry (2) found that 80% of the 
nitrogen was present in the grain. Nitrogen absorption in oat plants was 
nearly complete at anthesis, according to Klebesadel and Smith (4) and 
Berry (2), but Smith (8) found that the total nitrogen per acre increased 
until the late-milk stage. Even though a large part of the nitrogen may 
be absorbed into the oat plant before anthesis, there is considerable 
movement of nitrogen from straw to grain after anthesis (2). 
Keitt and Tarbox(3) found that oat seed contained 12% protein, whereas 
leaves and straw contained 4. 7 and 3. 6% , respectively. Smith and Robb 
(7) reported that oat grain and stems contained 8. 0 and 1. 4% protein, re-
spectively, when grown in low-fertility soil, but 9. 2 and 1. 8% with high 
fertility. 
The relative weights of various oat plant parts will vary with variety 
and the environment in which the oats are grown. Klebesadel and Smith 
(4) found that mature oat grain was 25% of total plant weight. In a more 
detailed study, Berry (2) reported that straw (leaves plus stems) consti-
tuted 52, groats 32, hulls 12 and chaff 4% of total plant weight. Soto la ( 9) 
found the distribution of leaves, stems and panicles in mature oat plants 
to be 19, 26 and 55%, respectively. 
MATERIALS AND ME TH ODS 
For the study on distribution of total weight and nitrogen among the 
various plant parts ( 1958 and 1959), 5 oat varieties (Andrew, Cherokee, 
Minhafer, Newton, Garry) were used. The first three are early-maturing, 
Newton is midseason, and Garry is late in maturity. The experiments 
were conducted in randomized block designs with 3 replicates. Each plot 
consisted of 3 rows 8 feet long and spaced 1 foot apart. We made 11 
harvests - in each plot. The sample at each harvest consisted of 10 ran-
dom culms, cut at ground level, and taken over a short distance from 
the center row of the plot. Culms from the first three harvests were not 
subdivided, but -in subsequent harvests, they were separated into panicles 
and vegetative portions. 
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For harvests or stages 4 through 11, the culms of two varieties, 
Cherokee and Newton, were separated into several additional fractions. 
Beginning at the first harvest or sampling after anthesis (5 days), pani-
cles were separated into (a) grain and (b) glumes plus rachis. At the 
third harvest after anthesis (15 days), the grain was separated into 
(a) groats and (b) hulls. 
The varieties used for the simulated-sterility study were Clintland in 
1962 and Bonkee in 1963; An area sown with a large number of rows (8 
feet long and space d 1 foot apart) for a variety was divided into 3 repli-
cates of a randomized block experiment. Within a replicate, every other 
row was designated as a border, and the intervening rows were randomly 
chosen to receive one of two treatments. Plants in the check treatment· 
were allowed to develop normally, and harvests were made at several 
dates, beginning with anthesis. The simulated sterility treatment was 
accomplished by clipping the panicles from the culms at anthesis. The 
panicles were collected, weighed and analyzed, and subsequently, these 
data were added to those collected from the samples taken from the same 
plots at later dates. One row from each treatment was harvested from 
e ach replicate at 5 dates, anthesis and 10, 17, 24 and 30 days after an-
thesis (binder ripe). 
Root weights were also taken from the check and clipped plots at the 
last harvest date in 1963. Samples were taken to a depth of 18 inches by 
using a 6-by-12-inch metal sleeve. The sleeve was placed over the row 
so that the sample included approximately 6 inches on either side of the 
row. The sleeve was driven into the ground, and the resultant soil core 
(18 inches deep) was divided into 3 samples, from 0-6, 6-12, 12-18 inch 
depths. The roots were separated from the soil by repeated washings 
after the samples had been soaked in brine solution. 
Dry weight determinations for all material were obtained by drying in 
an electric oven at 80 ° C for 48 hours. All nitrogen determinations were 
made by using a micro-Kjeldahl method (6), and the nitrogen percentage 
was converted to protein percentage by multiplying by 6. 25. Analyses 
for crude fiber were made by us·ing the method of the A.O. A. C. (1 ). 
EXPERIMENTAL RESULTS 
The dry-weight increase of an oat culm was essentially linear from 
the 5-leaf stage until 25 days after anthesis (Fig. 1 ). The straw (i.e., 
the leaves plus stems) showed no net gain or loss of weight after anthesis, 
so all the increase in grain weight appeared to result from photosynthate 
produced after anthesis. However, this does not preclude the selective 
transfer of stored materials from the vegetative to grain tissue. The 
weight of the glume s and rachis combined remained constant after an-
thesis (Fig. 2), and the weight of the hulls did not change over the entire 
sampling period (15 to 30 days after anthesis). 
At maturity the grain (groats plus hulls) constituted 48% of the oat 
culm weight and the groats constituted 35%. These values are similar to 
those obtained by Berry (2). He found that the groats constituted 32o/0 of 
the plant weight and that the groat plus hulls constituted 44%. 
The protein percentage of the oat culms at the 5-leaf stage ~as 21, 
but with subsequent development, there was a sharp reduction in protein 
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STAGE AT HARVEST 
Figure 1. Mean dry weight of vegetative and grain portions of oat culms 
of 5 varieties at several stages of plant development in 1958 
and 1959 (B =boot stage and An= anthesis). 
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Figure 2. Mean dry weight of various plant parts of Newton and Chero-
kee oat varieties at several stages of development in 1958 
and 1959 (B =boot stage and An= anthesis). 
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p ercentage, and at anthesis, it was reduced to 10. 5 (Fig. 3). After an-
thesis, a linear decreas e in the protein percentage of the vegetative por-
tions of the plant continued until maturity, whe n the straw contained less 
than 5%. However, there was a slight increase in protein percentage of 
the grain during the period of filling and maturation. The protein per-
centage of the ripe grain was 12. 5. 
There w as a line ar incr e as e in the we ight of protein per culm from 
the 5-leaf stage (first date of sampling) to the sampling at 20 days after 
anthesis (Fig. 4). These data are in contrast to those of Berry (2) who 
maintained that nitrogen absorption by the plant was completed at anthe-
sis. Howeve r, the data support those of Smith (8), who found that oat 
plants accumulated nitrogen until the late dough stage. In contrast to the 
pattern of dry-matter accumulation where there was no net gain in the 
vegetative tissue (straw) after anthesis, there was a decided reduction in' 
the weight of nitrogen in the straw during the grain-filling period. Seem-
ingly, there was a transfer of nitrogen stored in the straw at anthesis to 
the grain. At maturity, the grain contained approximately 70% of the 
nitrogen in the oat culm. These data indicate that a major portion of the 
protein in the oat culm is transported to the grain before the plants 
mature. 
In the simulated-sterility experiments, the total dry weight per acre 
reached a maximum at 17 days after anthesis (Fig. 5). The weight did 
not change for 1 week, but there was a slight weight decline between 24 
and 30 days after anthesis. This decrease was probably due to loss of 
mature leaves. The total dry weight accumulation at maturity was about 
150 lb less per acre for the clipped treatment than for the check. The 
total dry weight production w as approximately 6, 500 lb per acre. The 
growing period in both years was approximately 100 days, so the average 
daily production of dry weight was about 65 lb per acre per day. Of 
course, the dry weight accumulation was more rapid during the middle 
of the growth cycle than during the seedling or maturing stages. 
The protein percentages of the plants from the two treatments; (clipped 
and check) were quite different (Fig. 6). The check plants (heads plus 
vegetative tissue) showed only a slight reduction in protein percenta ges , 
fror.n 10 at anthesis to 9 at maturity. On the other hand, the protein pe r-
centage from the clipped plots was reduced from 10 at anthesis to 7 at 
maturity. Most of this reduction took place during the first 10 days afte r 
anthesis. 
The crude fiber percentage of samples from the two treatments di -
verged considerably as maturity progressed (Fig. 7). Crude fiber per-
centage decreased from 31 at anthesis to 28, ten days after anthesis 
with both treatments. The check showed a continued reduction to 25% 
at maturity; whereas with the clipping treatment, the crude fiber per-
centage increased, and it was back to 31 at maturity. 
Thus, it appears that deheading the oat culms at anthesis did not de-
crease the total production of dry matter per acre. The reduction was 
only 2. 5%. Evidently, there is continued production and storage of the 
photosynthetic products even though the grain is not available as a stor -
age site. However, the quality of the harvested crop produce d from the 
clipping treatment was decidedly inferior to the check. The protein 
percentage was lower and the crude fiber percentage was higher in the 
clipped than in the check materials . 
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There was a decided difference in the root weights of the plants from 
the clipped and check plants. The deheaded plants produced a greater 
weight of roots per acre at ea ch of the three sampling levels (Fig. 8 ). 
The total weight of roots from the clipped plants was nearly double that 
of the check plants when summed over the whole 18-inch depth. This 
may not be a manifestation of greater root production, but rather, of 
less root deterioration in the clipped plots. The vegetative tissue of the 
clipped plants remained green and succulent longer than the vegetative 
tissue of the check plant. 
DISCUSSIO N 
Oats that produce seed are satisfactory for use as silage, and under 
these conditions, maximum dry weight per acre and optimum silage 
quality can be attained by e nsiling when the oats are in the mid - to late-
dough stages. If oats are used for dry forage , however, it would be 
better to have the total supply of nutrients stored in the vegetati ve tissue 
rather than divided between the grain and straw . Under the harvesting 
and drying conditions normally used for production of dry forage , there 
would be considerable grain shattering, and thus, loss of nutrients . The 
system used in these studies to keep the seed from developing wou ld not 
be practical on a commercial scale, but it is conceivable that a semi -
sterile oat could be developed to accomplish the same purpose . Another 
possibility would be to develop an oat variety sterile under Iowa condi-
tions, with seed produced under other e nvironmental conditions, whe r e 
the variety was fertile. Such cases are known in several of the grasses . 
Where oats are used for forage, two crops could possibly b e grown on 
the same land in one season. Each crop would r e quir e approximately 90 
days. If the production per acre of the second crop was comparable to 
the production in our experiment, the total 2-crop production would be 
approximately 13, 000 lb of dry matter per acre e ach year. Purpos efu l 
study on this problem might turn up varieties with better quality; i.e., 
higher protein _and lower crude fiber percentages in the vegetative tissue 
of the sterile types. 
SUMMARY 
The increase in dry weight of oat culms from the 4 -leaf stage to ma -
turity was approximately linear. Ther e w as no net loss in the we i ght of 
vege tative tissue after anthesis, so all of the increase in grain weight 
was due to photosynthetic activity after anthesis. However, there was 
translocation of nitrogen from the vegetative to the grain tissues during 
the grain-filling period. At maturity, about 70% of the nitrogen was 
stored in the grain . 
The protein percentage of the oat culms decreased from 21 at the 5 -
l e af stage to 10 at anthesis . After anthe sis , the straw continued to de-
crease in protein percentage, w hereas the grain showed a slight increase 
until maturity. 
The total production of dry matter per acre from either the check or 
the clipped plants was approximately 6 , 500 lb per acre from 17 to 24 
days after anthesis. At maturity, the protein percentages of the check 
and clipped plants were 10 and 7, respecti ve ly, and the percentages of 
crude fiber were 25 and 31 , respectively. 
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PHYSIOLOGICAL VARIATION IN SCOTCH PINE SEEDLINGS 
IN RELATION TO LIGHT INTENSITY AND PROVENANCE 1 
G. E. Gatherum, J.C. Gordon and B. F. S. Broerman2 
A BS TRACT . E ff e c t s w e r e i n v e s t i g a t e d o f f i v e 1 i g h t i n t e n -
sities, ranging from 460 to 5, 400 foot-candles, and 
four provenances, ranging from 40° to 50°N latitude, on 
photosynthesis and respiration of seedlings of Scotch 
pine {Pinus sylvestris L.). Net and gross photosyn-
thesis per seedling and per unit of needle weight in-
creased with light intensity up to approximately 4, 500 
foot-candles and did not change with increased light 
intensity up to 5, 400 foot-candles. Dark respiration 
varied with changes in preceding light intensity. Pho-
tosynthesis and respiration per seedling varied among 
provenances, and differences in net photosynthesis per 
seedling among the provenances varied among light in-
tensities. Differences in photosynthesis and dark res-
piration in relation to light intensity were related to 
photosynthetic efficiency (photosynthesis per unit of 
needle weight), while differences in photosynthesis in 
relation to provenance were related to seedling size. 
Differences in light saturation values are related to 
within-species variation and changes in environmental 
factors other than light intensity. 
Because of the wide variation in growth, vigor, form and foliage 
color within Scotch pine (Pinus sylvestris L.), controlled-environment 
studies are being conducted by the Iowa Agricultural Experiment Station 
to identify and evaluate variation of physiological processes underlying 
growth, vigor and form in Scotch pine seedlings. Jensen and Gatherum 
(1965, 1967) have investigated the effects of photoperiod, provenance, 
temperature and pre-chilling on the growth and development of Scotch 
pine seedlings. Gordon and Gatherum have ( 1) determined the correla-
tions among fresh weight, dry weight, volume and total length of needles 
of Scotch pine seedlings (1967a), (2) investigated photosynthesis and 
growth in selected Scotch pine seed sources {1967c), and (3) evaluated 
the effect of seed source and environmental factors on rates of photo-
synthesis and respiration in Scotch pine seedlings {Gatherum 1965, Gor-
don and Gatherum l 967b). Dykstra and Gatherum ( 1967) have studied 
physiological variation in Scotch pine seedlings in relation to nitrogen 
and provenance. 
1 Journal Paper No. 5640 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1582. 
z Professor, former Instructor, and former Graduate Assistant, Depart-
ment of Forestry, Iowa _State University, _Ames__,_Jowa. 
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The objectives of this controlled-environment study of Scotch pine 
seedlings were (1) to describe the effects of light intensities, ranging 
from 460 to 5, 400 foot-candles, on photosynthesis and respiration and 
(2) to describe the effects of four provenances, ranging from 40° to 50° 
N latitude, on photosynthesis and respiration (Table 1 ). 
Table 1. Origin of Scotch Pine provenances used in study. 
Latitude Longitude Altitude 
Provenance ON OE m 
w. central Germany (81) 1 so 9 
N. Austria (82) 48 16 450 
E. central Turkey (113) 40 33 1500 
w. central Turkey (115) 40 31 1400 
11 s . . owa tate University provenance number. 
MATERIALS AND METHODS 
A study of photosynthesis and respiration of Scotch pine seedlings in 
relation to light intensity and provenance was established as a simple 
split-plot experiment with four replicates of five light intensity plots, 
each divided into four provenance subplots. Photosynthesis and respira-
tion were measured in a gas-tight, controlled-environment chamber de-
scribed by Broerman~~· (1967). A Beckmen infrared analyzer, model 
L/B l 5A, w as used to measure uptake and liberation of C02 within the 
chamber. 
Root-pruned, 3-0 seedlings of four selected provenances, represented 
by population samples, were potted and placed in the greenhouse Novem-
ber 11, 1963. Before potting, seedlings of the provenances were grown 
for 3 years in the nursery beds at comparable densities and comparable 
environmental regimens of light, water and nutrients. Potted seedlings 
were grown under an 18-hour photoperiod at a temperature of 7 5 ±. 5° F 
and at moisture levels close to field capacity until February 12, 1964, at 
which time measurements of photosynthesis and res pi ration were begun. 
Measurements of all provenances were made during the period of most 
active growth. These measurements were completed March 10, 1964. 
A potted seedling was taken to the laboratory; soil moisture was brought 
to field capacity; and the pot was placed in a 3-mil polyethylene bag which 
was tied around the lower stem of the seedling to prevent liberation of 
C02 from the pot soil to the chamber. A potted __ s_eedli.n_g _ w_;:i.s ... sealed in 
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the chamber at a constant temperature of 15 ±_ O. 2 ° C and preconditioned 
at the desir ed light intensity for 15 minutes. At the end of the precondi-
tioning period, uptake of C02 by the seedling (net photosynthesis) was 
measured for a 5-minute period, followed by a 5-minute measurement 
of liberation of C02 by the seedling in the dark (dark respiration). The 
seedling was placed in the dark by turning off the lights and placing black 
photographic cloth around the chamber. Gross photosynthesis subse-
quently was calculated by adding dark respiration to net photosynthesis. 
The seedling was removed from the chamber, and fresh and dry weight 
of needles was recorded. Dry weight measurements were recorded after 
the seedlings were dried for 24 hours at 70° C. 
Differences among provenance means were tested for significance 
with Duncan's multiple range test (Duncan 1955), and differences among 
the unequally-spaced light intensity means were tested with a modifica-
tion of orthogonal regression comparisons as suggested by Dr. Foster 
B. Cady, Statistical Laboratory, Iowa State University. Orthogonal co-
efficients were calculated to partition the sums of squares for the un-
equally spaced light intensities into linear anc'I auadratic terms. Use of 
the constant time interval as a base for measuring rates of photosynthe-
sis and res pi ration introduced variation in the initial concentrations of 
C02 , but covariance analyses indicated no effect of differences in initial 
C02 over the range of initial concentrations used in this study. 
RESULTS 
Net and gross photosynthesis per seedling and per unit of needle 
weight of Scotch pine seedlings increased with light intensity up to ap-
proximately 4, 500 foot-candles and then did not change with increased 
light intensity up to 5,400 foot -candles (Figs.1,2; Table 2). 
Dark respiration per unit of needle weight decreased slightly or re-
mained the same with increased preceding light intensity from 400 to 
1, 500 foot-candles and then increased with increased preceding light in-
tensity up to 5, 400 foot-candles, the highest light intensity used in the 
study (Fig. 3; Table 2). 
Respiration per seedling of the provenance from west central Germany 
(81) was greater than respiration per seedling of the provenance from 
east central Turkey (113), and differences in gross and net photosynthe-
sis per seedling between these sources approached significance at the 
5% probability level (Table 2). Differences among provenances in photo-
synthesis and respiration per unit of needle weight were not significant. 
Differences in net photosynthesis per seedling among the provenances 
varied among light intensities (Fig. 4; Table 2). Net photosynthesis per 
seedling of the provenance from west central Germany (81) culminated 
at a light intensity of approximately 3, 000 foot -candles at a rate of 40 mg 
of C02 per hour; net photosynthesis per seedling of the provenance from 
east central Turkey ( 115) culminated at a light intensity of 4, 500 foot-
candles at a rate of 35 mg of C02 per hour. Net photosynthesis per seed-
ling of the provenance from northern Austria (82) had not culminated at 
the highest light intensity used in the study, 5, 400 foot -candles, at a rate 
of over 50 mg of C02 per hour. 
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Table 2 , Mean squares from analyses of variance of photosynthesis and respiration of Scotch pine seedlings , 
Provenance 
Repli cation Light Intensity (L) Error a (P) L x P Error 
df 3 4 12 3 12 45 
Linear Quad- Lack of 
ratic fit 
Source (1) ( 1) (2) <: 
~ 
Net photosynthe sis 
** ** ** 
·k·k + !:1:1 
pe r seedling 90.85 2,299.07 3 ,410.46 1, 256 . 58 2,264 . 62 92.00 231.8 1 265. 86 132.76 ~ 
Net photosynthe sis t-3 H 
per g . fresh weight ,., '~ 0 
of need l es 0.08 2,83 5 .04 2, 47 1.41 0. 32 o. 23 0.13 o. 31 z 
H 
Net photosynthes is z 
per g . dry weight '~* ** Ul 
of n eedles 0.30 27 .17 60.00 21. 33 13.67 4 .0 2 2 . 35 1. 52 3 . 74 0 
0 
Respiration pe r g. t-3 
fresh weight of *'~ )°("','( () 
needles 0 .09 0.22 0. 65 0.09 0.08 0.04 0 . 02 o. 72 0,49 ~ 
Respiration per g . "d H 
dry weight of 
** ** z 
needles 1.02 2 . 35 6 . 43 1, 20 0.89 0. 40 o. 23 0.82 0,54 M 
Ul 
** "'* 
*")'( "1d< Gross photosynthesis + M 
pe r seedling 59.86 3,029.81 6, 724.60 3,503 .06 945. 79 ll5.33 519. 7 3 322,36 191. 79 M 
t::J 
Gross photosynthesis t"' 
per g . fresh weight ** ** * H 
of needles o.oo 3 . 76 ll.18 1. 88 o. 99 0.36 0.36 0,30 0.47 z Cl 
Gross photosynthesis Ul 
per g . dry weight '~* ** ,~ 
of needles 0.27 36 .17 ll0.82 14 . 50 19 . 36 4.59 3 . 68 3. 65 5 . 74 
** Significant at 1'7, probability l evel. 
* Signific ant at 5% probability leve 1. 
+ Approache s significance at the 5% probability leve 1. 
N 
VJ 
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DISCUSSION 
Differences exist in photosynthesis and respiration of Scotch pine 
s e edlings among light intensities ranging from 460 to 5, 400 foot-candles, 
Variation in net and gross photosynthesis among light intensities ranged 
from O. 5 to 36 mg C02 per hour and O. 8 to 49 mg C02 per hour, respec-
tively. Variation in dark respiration among preceding light intensities 
ranged from O. 3 to 1. 8 mg C02 per unit of needle weight per hour. 
Inasmuch as light intensity treatments were applied only during the 
m e asurement of rates of photosynthesis and respiration at the end of the 
e x periment, differences in rates of photosynthesis among light intensitie s 
and in rates of respiration among preceding light intensities were caused 
by differences in the uptake or liberation of C02 per unit of leaf tissue 
(photosynthetic or respiration efficiency), not by differences in seedling 
size. 
Differences in photosynthesis of Scotch pine seedlings among light 
intensities corroborate the findings of Decker ( 1954), but the mean light 
saturation between 2, 000 and 3, 000 foot-candles was considerably less 
than the light saturation of over 6, 400 foot-candles reported by Decker. 
Differences in dark respiration among preceding light intensities support 
Decker (1957, 1959) and Krotkov ~ ~· (1958) who have challenged the 
validity of using dark respiration as a measure of light respiration. 
Differences exist in photosynthesis and respiration per seedling of 
Scotch pine seedlings among provenances ranging from 40° to 50°N lati-
tude. Variation in photosynthesis and respiration among provenances 
ranged from 21 to 40 mg C02 per seedling per hour and 6. 4 to 10. 6 mg 
C02 per seedling per hour, respectively. Photosynthesis and respiration 
differed among provenances only when measurements were expressed on 
a per-seedling basis, thus indicating no difference in photosynthetic and 
respiration efficiency (photosynthesis and respiration per unit of ne e dle 
weight) among provenances . The greater fresh needle weight (34. 9 g), 
and therefore the greater photosynthetic area, of the provenance from 
west central Germany (81) over the fresh needle weight ( 19. 6 g) of the 
"provenance from east central Turkey ( 113) probably accounts for the 
difference in photosynthesis and respiration between these provenances. 
Similar results were obtained by Gatherum ~ ~· (1967) with aspen-
poplar hybrid and by McGregor ~t ~ · ( 1961) with loblolly pine. 
Variation in net photosynthesis among provenances at different light 
intensities probably helps explain the differences between this study and 
Decker's investigation in mean light saturation values for Scotch pine 
seedlings. In determining a light saturation value, one must consider 
the effects of within- species variation and variation in environmental 
factors other than light. The authors have reported a study that illus-
trates the effect of the interrelationships of C 0 2 , temperature and light 
intensity on photosynthesis, including light saturation (Gordon and Gath-
erum l 967b). 
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PHYSIOLOGICAL VARIATION IN EUROPEAN BLACK PINE SEEDLINGS 
IN RELATION TO LIGHT INTENSITY AND PROVENANCE 1 
G. E. Gatherum, J.C. Gordon and B. F. S. Broerman2 
A BS TRACT • V a r i a t i o n i n p h o t o s y n t h e s i s , r e s p i r a t i o n a n d 
growth of seedlings of European black pine {Pinus ~
Arn.) was investigated in relation to five light inten-
sities ranging from 560 to 6, 000 foot-candles and four-
provenances, one from Corsica and three from Turkey. 
Gross photosynthesis per seedling and per unit of nee-
dle weight increased with light intensity up to approxi-
mately 4, 500 foot-candles and did not change with in-
creased light intensity up to 6, 000 foot-candles. In 
general, gross and net photosynthesis per seedling and 
growth of the provenance from Turkey were greater 
than photosynthesis and growth of the provenances from 
Corsica. Differences in photosynthesis in relation to 
1 i g ht i n t e n s i t y w e r e r e 1 at e d to p h o t o s y nth e ti c e ff i c i e n c y 
{photosynthesis per unit of needle weight), while dif-
ferences in photosynthesis in relation to provenance 
were related to seedling size. These patterns of vari-
ation lend support to the findings of Wright and Bull 
(1962) who, after an intensive study of variation pat-
terns of European black pine, suggest the existence of 
two distinct races, Corsican and non-Corsican. 
Because of its potential value for lumber, pulp, Christmas trees and 
ornamentals, and because of its tolerance of calcareous soils and its 
drought resistance, European black pine {Pinus nigra Arn.) is of interest 
to. tree planters in Iowa. This species is variable, however, with a natu- · 
ral range consisting of numerous, isolated distribution areas in Spain, 
the French Pyrenees, Corsica, Italy, Austria, Yugoslavia, Greece, the 
Crimean SSR, Turkey and several of the eastern Mediterranean islands 
(Wright and Bull 1962 ). The pattern and magnitude of this variation has 
been investigated by Delevoy (1949, 1950), Sexton (1947), Wright and Bull 
( 1962) and others. To aid in the evaluation of the patterns and magnitude 
of variation within European black pine, the Iowa Agricultural and Home 
Economics Experiment Station is conducting controlled-environment 
studies of physiological variation within the species. 
The objectives of this controlled-environment study of European black 
pine seedlings were ( 1) to measure the variation in photosynthesis and 
I 
1 Journal Paper No. J-5641 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1482. 
z Professor, former Instructor, and former Graduate Assistant, J?epart-
__ m~.nt_Q_f_F o r_~_t~_Jo~_SJfl.J~ti.i.'Le_:r_~i~.Am.e.~w.a.._ 
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respiration among five light intensities ranging from 560 to 6, 000 foot-
candles and (2) to determine the variation in photosynthesis, respiration 
and growth among four provenances, one from Corsica and three from 
Turkey {Table 1 ). 
Table 1. Origin of European black pine provenances used in study. 
Provenance Latitude Longitude Altitude Variety 
ON OE feet 
Corsica ( 108) 1 42 9 2,000-3,600 poiretiana 
Ankara, Turkey (114) 40 33 4,300 pallasiana 
Mug la, Turkey (116) 37 28 3,100-3,600 pallasiana 
Darsunbey, Turkey (117) 39 29 2,600-3,300 pallasiana 
1rowa State University provenance number. 
MATERIALS AND METHODS 
A study of photosynthesis and respiration of European black pine 
seedlings in relation to light intensity and provenance was established as 
a simple split-plot experiment with four replicates of five light intensity 
plots, each divided into four provenance subplots. Photosynthesis and 
respiration were measured in a gas-tight, controlled-environment cham-
ber described by Broerman ~t ~· (1967). A Beckmen infrared analyzer, 
model L / B 15A, was used to measure uptake and evolution of C02 within 
the chamber. In addition, growth of European black pine seedlings in 
relation to provenance was determined. This study was designed as a 
randomized, complete- block design with . 20 replicates of four-provenance 
plots. 
Root-pruned, 2-0 seedlings of four selected provenances, represented 
by population samples, were potted and placed in the greenhouse Novem-
ber 11, 1963. Before potting, seedlings of the provenances were grown 
for 2 years in the nursery beds at comparable densities and comparable 
environmental regimens of light, water and nutrients. Potted seedlings 
were grown under an 18-hour photoperiod at a temperature of 75 ±. 5°F 
and at moisture levels close to field capacity until May 9, 1964. Potted 
seedlings then were placed in the State Forest Tree Nursery and grown 
under natural photoperiod and temperature and at moisture levels close 
to field capacity until June 25, 1964, at which time measurements of 
photosynthesis and respiration were begun. Measurements of all prove-
nances were made during the period of most active growth. These meas-
urements were completed July 9, 1964. A potted seedling was taken to 
the laboratory; soil moisture was brought to field capacity; and the pot 
was placed in a 3 mil polyethylene bag tied around the lower stem of the 
seedling to prevent liberation of C02 from the pot soil to the chamber. 
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A potted seedling was sealed in the chamber at a constant temperature 
of 15 ±. O. 2 ° C and preconditioned at the desired light intensity for 15 
minutes. At the end of the preconditioning period, uptake of COz by the 
seedling (net photosynthesis) was measured for a 5-minute period, fol-
lowed by a 5-minute measurement of liberation of C02 by the seedling in 
the dark (dark respiration). The seedling w as placed in the dark by 
turning off the lights and placing black photographic cloth around the 
chamber. Gross photosynthesis subsequently was calculated by adding 
dark respiration to net photosynthesis. The seedling was removed from 
the chamber, and the following measurements recorded: top, needle, stem, 
root and total fresh and dry weight; top/ root ratios and stem length. 
Dry weight measurements were recorded after the seedlings were dried 
for 24 hours at 70° C. 
Differences among provenance means were tested for significance 
with Duncan's multiple range test (Duncan 1955), and differences among 
the unequally spaced light intensity means were tested with a modifica-
tion of orthogonal regression comparisons as suggested by Dr. Foster 
B. Cady of the Statistical Laboratory, Iowa State University. Orthogonal 
coefficients were calculated to partition the sums of squares for the un-
equally spaced light intensities into linear and quadratic terms. Use of 
a constant time interval as a base for measuring rates of photosynthesis 
and respiration introduced variation in the initial concentration of C02 , 
but covariance analyses indicated no effect of differences in initial C02 
over the range of initial concentrations used in this study. 
RESULTS 
Gross photosynthesis per seedling and per unit of needle weight of 
European black pine seedlings increased with light intensity up to ap-
proximately 4, 500 fo~t-candles and did not change with increased light 
intensity up to 6, 000 foot-candles (Fig. 1; Table 2). Gross and net photo-
synthesis per seedling varied among provenances (Fig. 2; Table 2). Gross 
and net photosynthesis per seedling of the provenance from Darsunbey, 
Turkey (117), were greater than gross and net photosynthesis of the 
provenance from Corsica ( 108). 
Growth of European black pine seedlings varied among provenances 
(Tables 3 and 4). Fresh and dry weight of the top, needle, stem, root 
and total seedling and stem length of the provenance from Darsunbey, 
Turkey ( 117), were greater than that of the provenance from Corsica 
(108). Conversely, no differences in fresh and dry top/root ratios were 
found between the two provenances. In general, fresh and dry weight of 
top, needle, stem, and total seedling and stem length of the provenance 
from Corsica (108) were less than that of the provenance~ from Ankara, 
Turkey (114), and Mugla, Turkey (116). 
DISCUSSION 
Differences exist in gross photosynthesis of European black pine 
seedlings among light intensities ranging from 560 to 6, 000 foot-candles. 
Variation in gross photosynthesis per seedling and per unit of ne~dle 
weight ranged fron:i_ l3_ tq_ 3_2_ mg C02 per hour . an.d___l._O to._ 7, 5 mg C02 per 
Table 2. Mean squares from analyses of variance of net and gross photosynthesis of European black 
pine seedlings. 
Replication Light Intensity (L) Error a Provenance(P) 
df 3 4 12 3 
Linear Quadratic Lack of fit 
Source 1 (1) (2) 
Net photosynthesis 
518.44+ 878.59* 878.58* 308. 83* per seedling 426.00 168. 20 174.12 
Gross photosynthesis 
714. 24* 1817.74** 925,79* 500.41'\"•k per seedling 622.30 56.72 140. 96 
Gross photosynthesis 
per g. fresh weight 
5. 29' ... 10.76* "I< of needles 6.21 9.58 0.40 1.52 1.26 
Gross photosynthesis 
per g. dry weight 
* 81. 52' ... 60. 21* of needles 40.95 37.44 4.02 11.06 ll.48 
**significant at the 1-percent probability level. 
*Significant at the 5-percent probability level. 
+Approaches significance at the 5-percent probability level. 
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Table 3. Growth of European black pine seedlings in relation to proven ance . 
Top Weight Need le Weig ht Stem Weight Root Weight Tota l We i g ht Top/root Ratio Stem 
Fresh Dry Fresh Dr y Fres h Dry Fresh Dry Fresh Dry Fresh Dr y Length 
Provenance 
(116) (ll41 Dar s unbey , Turkey ( 117) 28. 07 9 . 99 17 . 09 5 . 91 10. 98 4.40 9. 56 
, "I 37. 63 13. 37 3. 64 4. 42 23.481 ( 114) ( 116 
Mugla, Turke y (116) 22. 57 8 . 65 14 .0 5 5 . 15 8 . 52 3 , 50 6. 7 5 2 . 21 29 . 32 10 . 86 3 . 46 4.11 
" "/ ( 11 7) (117) Ankara, Tur key ( 114) 
21." I 8 . 60 13 . 20 5. 18 8. 76 3.42 6. 76 2.11 28 . 71 10. 70 3. 02 3 . 4 7 25. 72 
Corsica (108) 13 . 63 5 . 20 9 . 02 3 . 38 4. 6 1 1. 82 5 . 10 1. 50 18 . 73 6. 70 2 . 69 3. 50 18 . 38 
Prob ability l eve 11 5'7. 5'7. l '7. l'r. 5'7. 5'7. 1'7. 1/, 5% 5% 5% 51. l '7 
1Means g rouped by a line do not vary at the desig na ted probability le ve l. 
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Figure 1. Gross photosynthesis of European black pine seedlings in 
relation to light intensity, pr ovenances poole d . 
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Figure 2. Photosynthesis per seedling of E u ropean black pine in relation 
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se e dling does not differ at the 1% l eve l for provenances 
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Table 4 . Mean squares from ana l y se s of variance for growth of European 
black pine seedlings . 
Source Replication Provenance Error 
d . f. 19 3 57 
Fresh weight of top 288 .74 709. 7 37"" 57.37 
Dry weight of top 40 .58 83.41*"'< 8.06 
Fresh weight of need l es 101. 76 222.1i'd< 20.54 
Dry we i gh t of needles 12.90 23.15;'<>'< 2. 72 
Fresh weight of stem 50.60 139.95;'<* 11. 75 
Dry weight of stem 7. 32 23.067<>'< 2.07 
Fresh weight o f roots 26.30 68. 56*7< 8.02 
Dry weight of roots 3 .36 13.ot'd< 2.24 
Total fresh weight 478 .96 1196. 76*7< 97.63 
Total dry weight 60.68 151. 90** 13 . 44 
Top/root ratios 
3.74* Fresh 0.80 0 . 97 
Dry o. 96 4.35* 1.18 
Stem length 42 .03 248 .61.,.<* 14.81 
**Significant at the 1-percent probability level. 
*Significant at the 5-percent probability l evel. 
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hour, respectively, with light saturation at approximately 3, 000 foot-
candles. Inasmuch as light intensity treatments were applied only during 
the measurement of rates of photosynthesis at the end of the experiment, 
differences in seedling size were not related to light intensity. There-
fore, differences in rates of photosynthesis among light intensities were 
caused by differences in the uptake of C02 per unit of tissue (photosyn-
thetic effi cienty ), not by differences in seedling size. 
Light saturation of approximately 3, 000 foot-candles compares with 
the light saturation va lues reported for aspen-poplar hybrid by Gatherum 
~t ~· ( l 967a), for Scotch pine by Gatherum ~t ~· ( l 967b), for several 
hardwoods by Kramer and D ecker (1944), but not for Scotch pine by D e ck-
er ( 1954). 
Gross and net photosynthesis per seedling and growth of European 
black pine seedlings va ry among provenances from Corsica and Turkey . 
Gross and net photosynthesis per seedling ranged from 18 to 30 mg C02 
per hour and 9. 5 to 18 mg C02 per hour, r espective ly. Photosynthesis 
differed among provenances only when measurements were expressed 
on a per-seedling basis, thus indicating no difference in photosynthetic 
efficiency (photosynthesis ·per unit of needle weight) among provenances. 
The greater fresh and dry needle weight , and, therefore, the greater 
photosynthetic area, of the provenance from Darsunbey, Turkey, over 
the fresh and dry needle weight of the provenance from Corsica probably 
accounts for the differences in photosynthesis between these provenances. 
Similar results were obtained by Gatherum ~t ~· ( l 967a) with aspen-
poplar hybrid, by Gatherum ~t ~· ( l 967b) with Scotch pine and by Mc -
Gregor et al. ( 1961) with loblolly pine. 
The gr;;ter photosynthesis per seedling (greiter foliar surface) of 
the provenance from Darsunbey, Turkey, and, in general, the greater 
growth of the provenances from Turkey over the provenance from Cor -
sica lend support to the findings of Wright and Bull ( 1962) who, after an 
intensive study of variation patterns, suggest the existenc.e of two dis-
tinct races, Corsican and non-Corsican. 
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DETERMINATION OF MAXIMUM LIKELIHOOD ESTIMAT ORS 
FOR THE THREE PARAMETER WEI BULL DISTRIBUTION 1 
C. T . Haan2 and C . E . Beer3 
A BS TRACT . T h i s p a p e r d e v e 1 o p s t h e e q u a t i o n s t h a t m u s t 
be solved to obtain the maximum lik e lihood estimators 
for the 3 parameters of the Weibull probability density 
function and pr esents a numerical solution for these 
equations . 
Intr o duction: 
Several properties of the Weibull probability density functio n have 
been observed and examined whi l e teaching its application to research 
data . Numerous applications of the We i bull distribution to breaking 
strength and life expectancy (Weibull 193 8 , 1 96 1 ; Henderson 1963) are 
a vai lable in the literature; however , only r ecentl y have applications b ee n 
made in th e fields of agricultu ral enginee ring and hydrology. Experience 
in fitting the Weibull distribution has shown that it possesses extreme 
flexibi li ty - fitting data that may e ither be exponential, skewed right or 
skewed left. 
Previous worke rs (Lehman 1962, 1963) have d e ve l oped the equations 
that yield the maximum likelihood estimat ors for the 3 parameter Wei -
bull but ha ve not shown a so l ution for these equati ons . This paper pre-
sents the equations and an iterat ive method of so l ution for them . 
D e ri vation of Estimators: 
The probability density fu ncti on for the Weibull can be written 
p(x) = £ 
b 
c-1 [ cl ( x~a) exp _ (x~a) 
whe re a, b, and c are the locati on, s cale , a nd shape parame ters, 
exp is the base of natural logarithm 
xis the variable unde r investi gation. 
By substituting 
~ = ( ~) c 
( 1) 
(2) 
1 Journal PaperNo.J-5631 of the I owaA g ricultural and H ome Econotnic.s 
E x periment Station , Ame s, Iowa. Proje ct No . 1586. 
2 Research A s sociate, A g ricultural Engineering D e partme nt, Iowa State 
University. 
3 Associate Professor, Agricultu ral Enginee ring Department, Iowa Stat e 
University. 
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into equation l we get 
p(x) = c ~ (x-a)c-l exp [- i\ (x-a)cJ (3) 
We now write the likelihood function, L, for e quation 3 as 
n 
L = TT p(xi) (4) 
n i=l 
where r;J:
1 
indicates the product of n factors of the form p(x). 
Substit~ting equation 3 into equation 4 we get 
L ~ en ii n tl (xi-a)e-1 IT1 exp [-ii (xi-ale) (5) 
The best linear unbiased e~umators for a, b, and c are obtained 
when the value of the like lihood function is a maximum. Since the loga-
rithmic function is a monatonically increasing function, the maximum 
value of L occurs for the same values of a, b, and c that maximize the 
logarithm of L. 
Letting 
we get 
I = n ln c + n ln ~ + ( c-1) 
ln (L) 
n L ln(xi-a) 
i=l 
n 
-" ~ i=l 
The maximum value of T may be obtained by forming a T, ~T. and ~ T 
. ~ oc C)~ 
and setting these partials to zero. The resulting three equations in 
three unknowns can then be evaluated for a, c, and X.. In the following 
equations, all summations are on i and run from l to n. 
= (1-c) <" 1 £. (x.-a) 
l. 
(1-c) i 1 
c 
>T n 
~;\ ~ 
" 
+ c i\ ~ (xi-a)c-1 
0 (7) 
0 
n (8) 
- ~ (xi-a)c 0 
n 
£ (x.-a)c l. 
( 9) 
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Equations 7, 8, and 9 represent 3 equations in 3 unknowns. These 
equations cannot be solved directly for the unknowns, a, c, and\., so an 
iterative procedure is necessary. By combining equations 8 and 9 we 
obtain 
n 
c 
~ ln(xi-a) ( 10) 
We now have one equation in two unknowns. Recalling that our ob-
jective was to maximize equation 6, one method of solution becomes 
apparent. For specified values of the parameter a, equation 10 is solved 
for c. Equation 9 is then used to determine the value of\.. By using 
these values of a, c, and\., Tis determined from equation 6. This pro-
cedure is repeated for several values of the parameter a until the _yalue 
of this parameter and the corresponding c and\. are found so that 1 is 
maximized. 
A computer program to maximize equation 6 using this technique has 
been written. Equation 10 is solved for c by rewriting it as 
z = 
n 
1 (x. -a) c 
l. 
n 
- c 
~ (xi -a) c ln (xi -a) - ! ln (xi -a) (11) 
This equation is solved iteratively using different values of c for a 
given value of the parameter a until z is within a pre-selected tolerance 
of zero. The iterative procedure uses the method of false position for 
the first four iterations and then uses the secant method until conver-
gence is achieved (Ralston 1965 ). 
The method of finding the value of the parameter a that maximizes 
equation 6 is known as the Golden Section Search Routine (Wilde 1964). 
Sample Problem: 
To demonstrate the accuracy of the procedure , 500 samples were 
drawn from a Weibull distribution that had a = l. 5, b = 2. 4, and c = 2. 9. 
The method of obtaining the samples was to write the cumulative Weibull 
distribution 
F(y) (12) 
and to solve it for y. 
y ~ b [- ln (1-F(y)~ ~ + a ( 13) 
Since 0 .::_ F(y) .::_ 1, values of y may be determined by selecting ran-
dom numbers from 0 to 1 and substituting them into equation 13 as F(y) 
values . If the sample size is large enough, the resulting y' s are distri -
buted as a Weibull distribution with the given values of a, b, and c. 
Table 1 and figure 1 present the results of this trial. The resulting 
values of the parameters for the Weibull were: 
Table 1. Sample Problem Results 
Data generated from Weibull with a = 1.5, b 2.4, and c 2.9 
Derived parameters a = 1.465, b 2 .456' c 3.068 
Class Mark Obs. Freg. Obs. Rel. Freg. Theor. Rel. Freg. 
1.64 1 .002 .002 
2.05 16 • 032 .026 
2.46 43 .086 .075 
2.87 56 .112 .136 
3.29 85 .170 .186 
3. 70 112 .224 .200 
4.11 99 .198 .171 
4.52 44 .088 .ll5 
4.93 23 .046 .059 
5.34 14 .028 .023 
5. 75 6 .012 .006 
6.17 1 .002 .001 
6.58 0 0 .000 
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Figure 1 Sample Problem Results 
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a 1. 465 
b 2.456 
c 3.068 
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CADDISFLY (TRICHOPTERA) COLLECTIONS FROM THE 
MISSISSIPPI RIVER AT LOCK AND DAM 19 1 
Thomas L. W enke 2 
Io w a State University 
of Science and T e chnology 
Ames, Iow a 
ABSTRACT. Light trap co 11 e ct ions at Lock 1 9 on the Mis -
sissippi River at K eo kuk, Io w a, June 15, to August 22, 
1961, included 14 species of Trichoptera with Cheuma-
topsyche campyla, Hydropsyche orris, Cyrnellus mar-
ginalis and Potamyia £la v a being the most abundant in 
that order. Others constitut e d less than 0, 5 % . The 
first t w o showed little seasonal trend but Potamyia was 
most abundant in late June and Cyrnellus in August. 
During the summer of 1961, light-trap collections of insects were 
made at Lock and Dam 19 on the Mississippi River near Keokuk, Iowa. 
The trap w as placed near the old lock control house on the dam and was 
an experime ntal trap devised by Fremling (1960) to test the relative 
attractiveness of three types of lights. All lights are used, and each was 
suspended horizontally over a pan of w ater with sufficient detergent to 
wet the insects as they fell into the w ater. The lights were turned on for 
10 minutes each evening at 1 hour after sunset and collections were made 
on 63 dates from June 15 to August 22. 
Most of the trapped insects were caddisflies and most of these were 
of four species (Table 1 ). A characteristic feature of these collections 
was the highly erratic pattern of daily abundance (Figs. 1, 2 ). For in-
stance, 1, 245 Cheumatopsyche campyla were captured on June 24. On 
the following evening only 9 were taken. Hydropsyche orris and Cheu-
matopsyche campyla showed little seasonal trend in abundance over this 
period. Potamyia £lava was most _abundant late in June and quite scarce 
in August and most of July. Cyrnellus marginalis was most common in 
August. 
1 Journal Paper No. J-5624 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1373 of the Iowa Cooper-
ative Fishery Unit, sponsored by the Iowa State Conservation Commis-
sion, Iowa State University of Science and Technology and the Bureau 
of Sport Fisheries and Wildlife, U.S. Fish and Wildlife Service. This 
project was also supported by National Science Foundation Grant G-
13253 to Dr. Kenneth D. Carlander. 
z Present address: Asst, Prof. of Zoology, Ft. Hays Kansas State.Col-
lege, Hays, Kansas 67601. 
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Table l. Species and numbers of caddisflies captured in light trap from 
June 15 to August 22, 1961 
Species 
Cheumatopsyche ~ Ross 
Hydropsyche orris Ross 
Cyrnellus marginal is (Banks) 
Potamyi a fl ava (Hagen) 
Neu rec l ipsis crepuscularis (~Jalker) 
Hydropti la waubes i ana Betten 
Athripsodes transversus (Hagen) 
Athripsodes .!.:!~(Banks) 
Mayatrichia ayama Mosely 
Oecetis sp. 
Ochrotrichia sp . 
Ochrotrichia tarsalis (Hagen) 
Hydroptila ajax Ross 
Hydropti la sp. 
Total number 
4,230 
2 ,257 
680 
516 
11 
10 
Per cent of total 
54.8 
29 .2 
8.8 
6 . 7 
~
Dates taken 
June 24 - At:Jg. 22 
July 3 - Aug. 18 
June 18, 24; Ju ly 15 
June 18, July 4, 15 
June 26, 29, July 4 
July 15, Aug. 
July 17, 29 
Aug . 18 
June 29 
July 9 
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Figure 1. Daily catches of Cyrnellus marginalis and Cheumatopsyche 
campyla from light trap during 1 961. A broken base line 
indicates days w hen collections were not made. 
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Figure 2. Daily catch e s of P otamyia flava and Hydropsyche orris from 
light trap during 1961. A b r oken bas e line indicates days 
when collections we re not made. 
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CELLULASE ACTIVITY IN CORN STALKS INFECTED WITH 
FUSARIUM MONILIF ORME SHELD. AND ITS 
RELATION TO STALK ROT 1 
R. W . I kenberry and D. C. Foley 
A BS TRACT. V i s c o m e t r i c a s s a y s o f c e 1 1 u 1 o 1 y t i c e n z y m e s 
in corn stalk tissue we r e mad e on samples precipitat e d 
from aqueous stalk ext racts. T es ts of stalk strength 
against a lat e rally applied force and visual e stimates 
of pith d e cay we r e made on the same stalks of four 
hybrids ( B14 x Cl03, Hy x 38 -11, WF9 x W22 and O s420 
x 187-2). 
More pith decay, hi ghe r enzyme activity, and weaker 
stalks occurred in 1962 than in 1963. Enzyme acti vi ty 
was directly related to the extent of pith decay and w as 
invers e ly related to sta l k strength of individual plants. 
The hybrids in which decay was greater, or in which 
decay occurred more rapidly, were higher in enzyme 
activity. There was a seasonal progression of pith 
decay and of enzyme activity, with the highest levels 
of both in the Octob e r samples. Stalk strength decline 
in OS420 x 187-2 began after Aug. 15. In Bl4 x Cl03 it 
d i d n o t b e g i n u n t i 1 S e p t . l 7 , w h i 1 e- t h e o n s e t o f d e c 1 i n e 
in the other hybrids w as variable and intermediate. 
H y b r i d B l 4 x C _l 0 3 w a s c h a r a c t e r i z e d b y 1 i t t 1 e p i t h d e -
cay until October, low enzyme activity at all sample 
dates, and high stalk strength. Hybrid Os420 x 187-2 
exhibited progressive pith decay, an increase in e n-
z y m e a c t i v i t y, a n d a g r a d u a 1 d e c r e a s e i n s t a 1 k s t r e n g t h. 
Hybrid WF9 x W22 was similar except that pith decay 
and stalk strength decline occurred at a later date in 
1963. Hybrid Hy x 38-11 was intermediate in reaction 
at the final date of sampling and wa s more uniform 
throughout the season than the other hybrids. 
It was concluded that, within a variety, an associa-
tion existed between enzyme activity, pith decay and 
stalk strength. Cellulolytic enzymes, which disinte-
grate pith cell walls, are believed to attack and soften 
other stalk tissue, resulting in a weakened stalk. 
1 Journal Paper No. J-5648 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1575. Taken from a dis-
sertation submitted by the senior author to the graduate faculty, Iowa 
State University, in partial fulfillment of requirements for the Ph. D -
degree. 
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Fusarium moniliform e was isolat e d from a high p e r -
centage of stalks; 100 % recovery w as effected in S e p -
t e mber of both years. This organism probably was the 
source of the cellylolytic e nzymes found in the stalks . 
Introduction 
The r e lationship b e twee n rotting of corn stalks and actual stalk 
s tr e n gth or " standability" of the corn plant has b e en studied . V e ry little 
has b ee n report e d, however , on the particular processes inv olve d in 
rotting; i: ~· , the a v enues of degradation in vo l ve d in microbial det e riora -
tion of the stalk . The limit e d data available sugge st that rotting of c e l -
lulosic components of stalk tis sue is accomplishe d through action of 
c e llulolytic e nzyme s s e cr e t e d by fun gal path o gens. 
Amon g the various o r ganisms in the list of stalk rotting pathog e ns is 
the controversial Fusarium moniliform e She ld . Although this fungus 
appe ars ubiquitous in c o rn - g row ing ar e as, its pathogeni c capabiliti e s 
ar e qu e stionable . Some ha ve attributed a l ow dis e as e inducing capacity 
to f · moniliforme, but others cite it as an acti ve , destru c tive pathogen. 
The w ork reported h e re w as unde rtake n primarily to study the preva -
l e nce of c e llu l olytic enzyme s in corn stalk tissu e as re l ated to observe d 
rotting and strength of the stalk. The data we re accumulated by samp-
ling , in July, August, S e ptembe r and Octobe r. Four single - cross hybrids 
of variable resistanc e to stalk rot w ere sample d in July, Aug . etc . for 
stalk str e ngth, d e gree of pith deterioration, and cellulase conte nt of the 
sample s. 
L i terature 
Stalk Rotting and Lodging 
Stalk rot generally does not affect plants until after pollination. Up to 
this time , plants appear to r e main healthy even after being inoculated 
( 1 6 , 19) . With approaching s e nescence , pith parenchyma tissue becomes 
disintegrated , and only th e vascular elements and rind tissue remain 
intact in severely rott e d stalk s ( 18) . 
S e veral fuµgal and bact e rial organisms have been cite d a\) pathogens 
causing rotting ( 15 ). Many of these also ar e found as inci t a nts of ear 
rots , kerne l r <;>ts , root rots, and seedling blights of corn (1 8 , 2 5) . 
Differi ng v i ews a r e h e l d on the re lationship of lodgin g in c o rn to re -
sistance or susceptibility of the stalk to rotting . Durre ll ( 2 , 3 ) fou n d tha t 
stronger stalks were less fr e quently infected by various fu n gi t h a n were 
w e aker stalks _and conclude d , since cultures of Diglodia ze:a e (S chw .) L ev. 
were able to metabolize a ce llulosic substrate, that this o r ganism weak-
e n ed nodes of stalks through ce llulo l ytic action . F o l ey (7) c oncluded that 
activity of m i croorganisms caused a weakening of stalks , eve n tually r e -
sulting in stalk breakage and dis integra tion . On th e othe r h and , Zuber 
~t ~ · ( 32 ) found that l odging w as n ot as sociated w ith a hi gh i ncid e n ce of 
stalk rot by either I>· z ea e or Gibbe r e lla ~ (Schw .) P e tch. T h ey con-
cluded that hardness of ri n d and othe r anatomical fe atu r e s exerted con-
s i derabl e i nfluence on stal k st r e n gth. P erhaps We rnham ( 30) h as best 
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summed up the situation conce rning stalk lodging and rotting. He states, 
' 'The interpretation of stalk rot reaction in hybrid corn is further con-
fused by the methods that various a genci e s use i n accumulating the data. 
To b e truthfu l, s talk rot has not b een strictly defined. On the one hand 
pathol ogists are interested in the ext e nt of tissue damage , w hile on the 
othe r hand agron omists are interested in what may b e spoken of as 
'standability,' that is, the ability of the corn to stand erect. " 
The natu r e of the rotting p r o c ess has been n eg lecte-d by most workers. 
Durrell (2) r ecognized that f?· zeae c ould utilize cellulose and concluded 
that a cellulose d e composing phenomenon was operative in the disease. 
Cellulase has b ee n isolat e d from corn sta l k tissue by Foley (6); e nzyme 
activity w as d emonstrat ed in both r esi stant and susceptible plants and 
was higher in nodes than in internodes . The ext racted epzyme has also 
been fou n d capable of dissolving c e ll w alls of corn pith parenchyma tis-
sue and of s oft e ning excised rind t i ssue (5 , 9) . 
C e llu lolytic Enzymes 
C e llu las e appears to be a complex of enzyme s and other substanc e s. 
Accordin g to R ee se and othe r workers (22 , 23 , 24) , ''native" cellulose is 
atta c ked only by a " C 1 " c ompon ent , usually found only in the presenc e of 
a ce llulolytic organism, and is broke n dow n to line ar, anhydrog lucose 
chain f ra gments . A s econd component , · ·ex, " the n hydrolyzes these 
chain s ar the b e ta -1, 4 lin k a ge s to yie ld the disaccharide ce llobiose . Cel -
lobios e in turn is brok e n down to g l ucose units through the action of the 
enzyme betag l ucosidas e . Rat h e r complete lit e ratu r e r eviews on e nzymic 
deg radati on of ce llulos e by mic r oorganisms have been compiled by Siu 
( 27) , Cow li ng (1), Gascoi g n e and Gascoigne (10), Ki n g (1 4) and No r k r ans 
( 20 ) . 
The Ro l e of F u sarium monilifo r me in Sta l k Rotting 
The wides pre ad occurr e nce of .£: . moniliforme in as sociation w ith 
~o rn and its ability to pro du ce cellulas e is of interest in considerations 
of stalk rot. This o rganism w as first des cribed from corn in Neb ra ska 
by She ldon (26) a nd has sinc e been iso l ated from corn s talks , roots, a nd 
seed in many other l ocations throu ghout the United States and in other 
c ountries. 
Variable and somewha t c onflicting evide nc e has l ed to differen t c on -
clusions regarding the pathoge nici ty of .£:. moniliforme to the corn plant. 
The o r ganism w as noted by Limbe r ( 17) t o grow parasitically in the sta l k 
and to cause discoloration w hen young p lants were inocul ated. The limit-
ed d eve l opment of the fungus in inoculate d stalks l e d him to conclude , 
however , that injury b y the fun gus w as m ild . Vall e au (29) c o ncluded that 
this organism was an active parasite causing both root and stalk r ots and 
noted that it seemed the more active paras ite w h e n pr e sent in associa -
tion w ith Gibberella spp. in r otting stal k s . H e suggested in 1 920 that ,-
b e cause the high percenta ge of infection by the fu n gu s in se e d ,.£:· moni li-
forme would be the most common cause of root and stalk rots in the 
future. It has also be e n suggested as an agent responsible for ea rly tis -
sue deterioration in th e stalk , r esulting in a softened rind and, conse-
quently, a weakened stal k (8 ). 
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MATERIALS AND METH O DS 
Field procedures and sampling . Four single - cros s h y brids (B1 4 x 
C l 03 , O s4ZO x 187 - Z, WF9 x WZZ 8 , Hy x 38 -11 ) of va riab l e r e acti on s 
to sta l k rot we re drill planted in 40" rows to provide a p o pu lati o n of 
14, 000 plants per acre in 1961 and 1 5 , 000 p l ants per a c re i n 1 96Z and 
1963 . Collections of stalks were made in July, August , S eptember , and 
October of each year . After testing the second interno de fo r st r eng t h , a 
3" section containing the first node above the brace root s w a s placed i n 
a - Z0° C freezer . The second node was spli t lengt hwi se into qua r te r 
sections and placed in a moist chamber for detection of g. fujiku r oi. 
Labo r atory procedures . Sta l k breaking strength w as det e rmined by 
midpoint l oading on a sliding 6 11 yoke. A sp r i n g scal e (Chatillion m o de l 
Z50 D) , attached to the yoke indi cated the pounds of fo rc e bein g app li e d 
a n d a maxi mum value indicator on the sca l e i ndica ted the f o rc e n e c e s-
sary to break the stalk. The midpoint load was e l ect rica ll y d r ive n to 
provide a uniform increase in stress . 
Individua l moist chambers for detection of fungi we r e p r e par ed b y 
p lacing the strips of moistened filte r paper in Zl O x Z7 mm test tubes , 
p lugging with cotton , and auto claving . O ne quarter of t h e n odal se cti on 
was surface ster i lized by immersion for 10 secs . in O. 5% sodium h y p o -
chlorite ( Chlorox). The sections were incubated a t room t empe ratu r e 
and sampl e fungal co l onies on the stalk sections were transfe rr e d to 
slants of potato dextrose agar (Di feo Co . ) for identifi c a ti o n. 
The frozen stalk n odal sections were processed indi vi dually b y dicing 
a 10 gm sample a n d adding to 50 ml of 0 . l M acetate buffe r (pH 5. 0) in a 
monel mi cro Waring blendor . The enzyme extractions were mad e i n a 
Z ° C ref r iger a tor . The blendor was p l aced in front o f a f an and w a s 
opera te d in i n te r mittent cycles of 30 secs . with cooling periods o f 90 
se c s . fo r a t otal of 10 cycles . 
The macerat ed t i ss u e w a s f i ltered and washe d i n a sintered - g lass fil-
ter (C ) and the res idue was returned to the b l e n dor for a s e c o nd extra c -
ti on a n d rewas h ed w i th fresh buffer . The extrac t f r om t h e tw o w ashing s 
were c ombine d (fi nal vo l ume l 00 m l ). P roteins we re pr e c i pitat e d b y 
slow a d diti on, w i t h a gi t a tion, of 400 ml of a ceton e (C. P.) previously 
chille d t o -Z0 ° C. T h e pre cipit at e w as separat ed by c e ntrif u gatio n and 
r e diss o l ve d in 0. lM acetate buffer. 
T h e acti vi t y of c e llulos e w as assaye d b y m e a suring visco sity changes 
of a O. 6% buffe r e d s o lu ti on of carboxymethylce llu l ose ( CMC) (Hercule s 
P owde r Co. 7 HSP). The extract (1 ml) w a s adde d t o 10 ml of CMC in 
Ostw ald -Cannon-F e nske viscometers, si ze 300, imme rsed in a 40° C ±. 
O. 2 w ate r bath. The e xtracts we re prewarme d t o 4 0° C before adding to 
the C M C. The time of addition of the extract w as designate d zero incu-
bat ion. Efflux tim e to the n e ar e st 0, 1 second of e ach sample w as meas-
ured 6 times (5 to 120 min) during incubation. 
Reduction {perce ntage) in the original v iscosity of the substrate was 
calculat ed from the efflux times. Reduction after 30 min incubation was 
converted to arbitrary e nzyme activity units by comparison with a refer-
ence curve {Fig . 1 ). The reference cu rve w as constructed by designating 
the activity of a composite sample (4 nodes) as 1000. The intermediate 
points were deterr:nined by dilution, w i th activity '3:~ - ~:!000 _ dilution being 
designat ed 1. 
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Figure 1. Cellulase reference curve (per cent reduction in viscosity of 
O. 6% 7HSP CMC at 30 minutes incubation as related to enzyme 
activity). 
When the stalk sections were being processed, a cross section taken 
3 cm above the sample node w as rated for decay of the pith (parenchyma). 
The following pith decay (deterioration) scale was used as the criterion 
of stalk rot severity: 
0 = no decay ; no white (dead) cells in pith, tis sue yellow green. 
1 = white cells present, but no visible cell wall decay. 
2 = pith tissue cavity present ( < 1/ 4 of cross sectional area). 
3 =pith tissue cavity moderate (about 1/ 2 of cross sectional area). 
4 =pith tissue cavity about 3/ 4 of the cross sectional area. 
5 stalk a cylinder of dry rind, only occasional pith tis sue still 
visible. 
RESULTS 
Corn stalk rot w as more severe in 1962 than in 1963. Differences in 
extent of rotting between the resistant and susceptible hybrids were usu-
ally first noticed in the September collections. In general, stalk s of the 
susceptible hybrid, Os 420 x 187-2, we re characterized by being light in 
weight and containing dead, white, fluffy parenchyma tis sue. Stalks of . 
Bl4 x Cl03, on the other hand, were solid with well hydrated, seemingly 
healthy tissue. Stalks of WF9 x W22 and Hy x 38-11 were intermediate. 
In October, these differences were more pronounced; many stalks of 
Os420 x 187-2 were hollow cylinders of rind tissue containing vascular 
bundles and little parenchyma, while no such change occurred in Bl4 x 
Cl03 stalks. 
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Indi vidua l stalk strength det e rminatio ns were ave raged for hybrids, 
sampling dates, and years (Figs . 2, 3) . In both 1962 and 1963, stalk 
strength for all hybr ids was greater in mid - August than in mid-July. 
This increase occu rr ed duri n g the period just p ri o r to, during, and fol-
l owi n g e longati on and fl owe ring . After the mid - August sampling , stalk 
strength decreased du ring 1 962. An exception was Hy x 38 -11, stalk 
strength of which r emained essenti a ll y con stan t afte r mid-August. 
In 1 963 , w ith l ess stalk r ot in gene r a l t h a n in 1962, as d ete rmined by 
the d e cay rating , hybrids B l 4 x Cl 0 3 a nd WF9 x W 22 gained in stalk 
strength until the Sept. 15 sampling date; the r e were notice able reduc-
tions in stalk stren gth for both hybrids between S ept. 16 and Oct. 16. 
Hy x 38 -11 a n d Os420 x 18 7-2 gained in stalk stre n gth from mid-July 
t o mid-Augus t but s howed subsequent continuous declines . The stalk 
strength decline of Os420 x 187-2 was ge nerali_. ~· all stalks we r e we a k-
er in Octobe r. In th e othe r hybrids, stalk strength de clined on l y in c e r-
tain plants. The r es istant and intermediate hybrids had plants in October 
as strong as average plants t es t ed in August. 
E xamination of cross sections of corn sta l ks du ring the s e ason r e -
vea l e d successive sta ges , usually b eginning in August , of breakdown or 
disintegration of the pith tissue . U naffe ct e d pith tissue w as we ll hydrat e d 
and yellow - green. The first evide nc e of breakdown w as a white , fluffy, 
dry tissue, composed of dead parenchyma cells. E v entually , the disin-
tegrated portion enlarged forming a c i rcular ca vity . In severely rotted 
stalks a hollow cylinder of rind tissue was all that remained. Steps in 
this progression of decay we r e rated as described. 
Indi vidual pith decay ratings on 4 dates fo r ea ch hybrid were averaged 
e ach year (Figs. 4, 5 ). Prog r e ssive disintegration of pith tis sue was more 
pronounced in all hybrids in 1962 than in 1963. The resistant hybrid, 
Bl4 x Cl03, showed the least disintegration in both years while suscep-
tible Os420 x 187-2 w as gi ve n th e highest average decay rating. Hybrids 
Bl4 x Cl03 and Hy x 38 -11 showed little o r no decay until October; most 
stalks had no cavities even in Octobe r. Dry pith tissue w as found, how -
ever, in most samples of Hy x 38-11 after July, 1962. In contrast the 
d e cay in Os420 x 187-2 was pronounced in October , 1962, and WF9 xW22 
also approached this condition. 
Individual c e llulase activity values were averaged for each hybrid and 
collection date for the two years (Figs. 6, 7). G e nerally, activity values 
were considerably higher for 1962 than for 1963, the only exception was 
found in stalks of the resistant hybrid Bl4 x Cl 03. Enzyme activity in-
creased after the August 15 collection. Notably hi gh in enzyme activity 
values, especially in 1962, were Os 420 x 187 -2 and WF9 x W22 . The 
latter was highest in both years. G e n e rally, celiu lase activity in the 
stalks increased as the season progressed , w ith low but detectable levels 
of activity in July and August. During the sampling season stalk strength 
was inversely related to both pith decay and c e llulase activity. 
Individual stalk strength values were averaged to include all four hy-
brids for 1962 and 1963 (Fig. 8) . It w as assumed that tissue differentia -
tion was continuing in Ju ly and that the stalk strength values of August 
were a better e stimate of inherent stalk strength. Therefore the July 
data were excluded in the comparison of pith decay with stalk strength . 
While inherent stalk strength was somewhat less in 1963 than in 1962, 
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PITH DETERIORATION RAT ING 
Fi gure 8 . Ave ra ge stalk s tr e ngth v alue s by pith det e rioration ratings 
for 1 962 and 1963 ; inclu si ve o f data of all hybrids for August, 
S e pte mber, and Octobe r c o ll e ction dat e s . 
strength decline wa s associated w ith inc r easi n g pith decay. Loss of 
stalk strength and pith decay w ere greate r in 1962 than in 1963; no stalks 
w ith a decay rating of 5 w e r e found in 1963. 
To determine if the degree of pith decay and stalk strength were re-
lated to activit y , cellulase values were divided i nto 6 class e s (1. 0-3. 0, 
3 . 1-10. 0, 10. 1-20. 0, 30 . 1-100. 0, 101-300, 310 -1 000) . Average pith 
decay ratings were plotted according to enzyme class, combining hybrids 
in each year (Fi g . 9) . D ecay was more pronounced in 1962 than in 1963 
at every enzyme class level. In both years there was a marked trend 
toward higher ratings; i.e., more pith decay with increasing e nzyme 
activity. 
Average stalk strengths we re computed for each class of e nzyme ac-
tivity, i ncluding all hybrids for e ach year (Fi g . 10). July data again we r e 
excluded in computing the averages. Average stalk strength was similar 
in 1962 and 1963 with respect to enzyme activity. In both years decrease 
in stalk strength w as associated with increase in e nzyme activity parti-
cularly above 10. Apparently a certain threshold of activity w as neces-
sary befo r e strength loss became significant. 
Rotting of pith tissue in 1962 was severe in WF9 x W22 and Os420 x 
187-2, and increased in these hy_br ids through<;mt the sampling period, in 
October reaching a point of severity highest among all samples tested in 
both years. Strength of decaying stalks of these hybrids decreas ed sub-
stantially after August. Hybrid Bl4 x Cl03 did not show severe rotting; 
healthy pith tis sue was noted in all months, with deterioration evident in 
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some stalks only in October, Pith decay also was consistently low in 
October. Pith decay also was consistently low in Hy x 38-11, and stalk 
strength remained rather constant throughout August, September, and 
October , 
Samples of 1963 were characterized by milder rotting and less stalk 
rotting than those of 1962. Both WF9 x W22 and Bl4 x Cl03 increased 
in strength through September, instead of weakening after August as in 
1962. Pith decay was 1. 0 or less in these varieties until Octobe r. Thus, 
stalk development (str ength) progressed in the absence of noticeable 
decay. Hybrids Os420 x 187-2 and Hy x 38-11 exhibited a progressive 
loss of stalk strength in September and October, with some pith decay 
evident in July and August. 
In both years, stalk strength decreased with the appearance of white, 
dead parenchyma cells in the pith and continued to decrease as paren-
chyma cell decay became more pronounced. In the absence of noticeable 
decay, stalks continued to increase in strength. 
Both pith decay and cellulase activity were more pronounced in 1962 
than in 1963. In both years, severity of rotting increased w ith increas-
ing levels of cellulas e activity, especially in the activity range of 300 to 
1000. Cellulas e activity increased in all hybrids except Bl4 x Cl03 dur-
ing the growing season to a maximum in October. 
The concurrent seasonal changes most evident were a gradual in-
crease in cellulase activity and pith decay and a gradual decrease in 
stalk strength. These changes were correlated whe n compared on an 
individual plant basis, i:~·, stalks, irrespective of hybrid, that had high 
cellulase activity and pith decay were l ow in stalk strength. 
Upon incubation in moist chambers, corn stalks yielded growth of I· 
moniliforme in 80 to 100% of the cases tested. This organism typically 
exhibited a characteristic habit of growth upon the stalk tissue that en-
abled easy identification. Unde r the conditions tested, it formed a slight-
ly pinkish mat of mycelium and spores on the surface of the stalk section. 
A e rial mycelium occurred only after several weeks, if at all. Once 
positive identification of the organism was made on a representative 
number of stalks, characteristic appearance of macroscopic growth was 
us ed as the identifying criterion. Pure colonies of I. moniliforme usu-
ally occurred on stalk samples collected in July and August . Several 
stalk samples from S eptember and October collections yielded colonies 
of other fungi that often overwhelmed any growth similar to that identi-
fiable as F. moniliform e . Postive identification of F. moniliforme 
- -
could not be made in such cases; however, failure to identify it was not 
considered to preclude its presence in the stalk. Frequency of detection 
of F. moniliforme in incubated stalks was lowes t in July; however, Au-
gust figures for both years indicated 100% of infected stalks. 
Discussion and Conclusions 
Strength of a corn stalk is dependent primarily upon the peripheral 
tissue (rind); the degree of lignification and the amount of sclerenchyma 
seem particularly important (3, 13, 32). Various methods have been used 
in the laboratory testing of stalk strength , including the amount of force 
required to crush a stalk longitudinally ( 32) and the force required to 
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b r e ak a stalk treated as a simpl e beam with central loading {modulus of 
rupture) (3). Neither method measures field 11 standability' ' (30). The 
different strength values in 1962 and 1963 for stalks with the same decay 
rating indicates pith decay is not directly responsible for strength l osses 
but the general correlation of pith decay with stalk strength loss indi-
cates pith decay extends to t h e rind. Inherent stalk strength complicates 
the measurement of decay by changes in the breaking modulus. The 
change in strength until August 15 in all hybrids in both years w as due to 
natural increases i n inherent strength ; the continued strength increases 
in 2 hybrids until Sept. 15 in 1963 shows it is p oss ible for stalk develop-
ment, in terms of strength, to continue at least until that date and pre-
sumably longer, if stalk rotting were abs e nt. Thus, with present tech-
niques, inherent stalk st r ength is a concept whose value can be only 
estimated by early m e asurement , its accuracy being influenced by the 
time of onset of decay. 
The fungal causal agents of stalk rot are capable of utilizing cellulose 
(2, 3, 5, 6, 10 , 27), and the c ellulosic c ell walls of the parenchyma ar e 
dissolved in decayed stalks . Thus, the associations of pith decay {in-
creases) and cellulase activity {increases) and stalk strength (decreases) 
in comparing individual plants strongly suggest cellulolytic enzymes in 
the stalk act . to soften and disintegrate cell wall structure, causing a 
weakening of the stalk. The re appeared to be differences in the extent 
of decay under different environmental conditions. In stalks of a given 
cellulase activity range, there was consistently more decay in 1962 than 
in 1963. On the other hand, there appeared to be no consistent differ-
ences between years in terms of strength of stalks of the same cellulase 
activity. Since initiation of stalk weakening did not occur at the same 
range of enzyme activity in the 4 hybrids, the threshold of enzyme acti-
vity causing stalk weakening could not be determined with accuracy. 
Whitaker (31) believes cellulase to be a single component enzyme; 
much evidence, however, has been accumulated ( 14, 22) in support of the 
multiple-component concept developed by Reese and co-workers (22, 23, 
24). The assay for the Cx component was assumed to be an index of the 
C 1 component supposedly necessary for " native " cellulose breakdown •. 
The C 1 fraction has not been demonstrated in sterile preparations and 
the presence of the cellulas e producing organism has been necessary for 
attach on "native" cellulose substrates ( 14, 27 ). 
The cellulase found in corn stalks was assumed to be of fungal origin. 
Low cellulase activity has been found in seeds and meristematic regions 
of a few vascular plants. It has been suggested that this cellulase is in-
v olved in cell enlargement and is produced endogenously by the plant (20, 
28 ). The low cellulase activity found .in July and August could, as a re· 
mote possibility, be. endogenous, but the activity found in September ano 
October w as higher than ever reported. for "endogenous" cellulase. Stalk 
rotting organisms are. undoubtedly a source of cellulase (3, 6, 10, 27). 
This study and others (~ . .&.•, 4, 6, 8, 12, 15, 26) which demonstrated the 
frequent presence of E· moniliforme in corn kernels and stalks leave 
little doubt that stalks are commonly infected as early as July. Infection 
by_[. moniliforme is far more common than that by other organisms. 
Koehler ( 15) has reported that, near the middle of September, approxi-
mg..t_~Jy 25% of corn plants exh:L_bited lesions char_a~teristic of _.12· ~ 
60 IKENBERRY and FOLEY 
infe ction, about 25% displayed g. ~lesion s , while nearly 90% of stalks 
showed lesions typical of E· m oniliforme . In this study , all stalks tested 
in mid-August we r e infected w ith E. moniliforme . C oincide nt with such 
high incidence of infection, few stalks sampled of the n ear l y 50 0 tested 
during the 2-year p e riod we r e witho ut some cellulase activity eve n in 
July. 
C e llulas e activity is higher, sta l k breakage is greater , cell wall de -
cay first appears, and E· moniliforme inAugust is more fr e qu e ntly found 
in nodes than in inte rnodes (6, 7, 8 ). These obse r vati ons sug ges t E· moni -
~ is the agent r es p onsible for the g radual decay of s talk s that .o c-
curs in the absence of the more pathogenic organisms such as _!2. ~ 
and g. zeae. Why hybrids va r y in susceptibili ty to a w ides pread causal 
agent, whatever it may be, is sti ll largely unanswered . C e llulose is 
known to vary in susceptibility to attack by cellulolytic e nzymes a ccord-
ing to its molecular arrange ment ( 11, 14, 25 ). But it is difficult to attri -
bute resistance to cellulos e structure b ecau se this is presumabl y a fixe d 
characteristic and susceptibility to sta l k rot chan ges during maturation. 
The degree of susceptibility to decay appea rs due to change s in physio-
logical conditions (21) which affect activity of the causal age nt. 
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ON THE STANDARDIZATION OF C 14 FOR PRIMARY PRODUCTION 
ESTIMATES IN AQUATIC ENVIRONMENTS 1 
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A BS TRACT. M e a s u r e m e n t o f p h y t o p 1 a n kt o n ( p r i m a r y) p r o-
d u ct ion in aquat ic environments through the use of C 14 
i s p r e c i s e o n 1 y i n s o f a r a s s t a n d a r d i z a t i o n o f t h e C 1 4 i. s 
precise. The most common technique of standardizing 
C 14 is to extrapolate to "zero thickness activity" from 
plots of log BaC 14 0 3 activity / mg ve rsus mgBaC 14 0 3 / cm2. 
Hyperbolic extrapolation was judged better than expo -
nential extrapolation on both a theoretical and empir i-
cal basis, though hyperbolic extrapo lation did not en-
tirely solve the problem of precision in determination 
of zero thickness activity. Probably the most precise 
estimates of production can be obtained by abandoning 
standardization with BaC140 3 altogether, and determin-
ing the absolute radioactivity of ea ch phytoplankton 
sample by liquid scintillation techniques or by "cou nt-
ing" in an ionization chamber after complete combus-
tion of the sample . 
Measurement of phytoplankton (primary) production in aquatic e nviron-
ments is done as a matter of course by many agencies and individuals 
concerned with water quality, fish management, wate rshed improvement , 
and basic aquatic research. One of the most w idely used methods of 
measurement is the Cl4 technique originally dexcribed by Steeman-Nielsen 
(1952) and subsequently modified by other wo rkers (see Jitts and Scott 
1 961 ). 
Basically the technique involves introducing some amount of C 14 as 
bicarbonate into an aliquot of w ater containing phytoplankton. The phyto-
plankton incorporates some of the C 14 by photosynthesis. After a suitable 
length of tim e , the radioactive cells are filtered onto a membrane filter 
and the radioactivity is determined with a Geiger counter. As the amount 
of phytoplankton on the filter surface is usually very small, it is assumed 
that no correction for self~absorption of the beta particles is r equired ; 
i.e., the cells have "zero thickness." Equations to e stimate production 
1 This study was supported by Atomic Energy Commission Contract 
AT(ll-1)59, carried on in association with Project 1374 of the Iowa 
Cooperative Fisheries Research Unit, Ames, Iowa and Atomic Energy 
Commission Contract AT(45-1)175L 
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in terms of carbon per unit volume of w at e r per unit time from C 14 
" counts " depend e ss e ntially upon the r e lati vity of radioactive "count " 
rate of the labe lled c e lls to the "count" rat e of the total amount of C 14 
i nitially added to t h e aliquot of w ate r. This latt e r ' ' count " rate must b e 
measured under the same G e i ge r counting arrangement as that u sed to 
measure C 14 uptake by the cells; i . e ., w ith the same " counting " geom et ry 
and at zero thickne ss. 
Usually acti vity at ze r o thi c kn ess is determined b y extrapo lating a 
s e lf - absorption cur ve deve l oped from a plot of lo g specific acti vity (log 
count rate / mg) over different thic k n e ss es (m g / cm2) of BaC 140 3 • Such an 
e xtrapolation assumes that se lf - absorpti o n incr e as es exponentiall y w i th 
incr e asing thic kness , an assumption that most investigators r e alize is 
not exactly valid. Vari ous h y p e rbo li c funct i ons have b ee n tried with some 
success (H e ndler 195 9; Jitts and Scott 1961 ) , and at times cur ves ha ve 
be e n extrapolated empirically to ze ro thickne ss by us ing thicknesses of 
BaC 140 3 as small as 0. 05 mg / cm2 (Thomas 1964) . The critical e stablish -
ment of zero thickness is still a crucial problem not yet satisfactorily 
solved , howeve r. Any progress toward this end , even if just to analyze 
experime ntal results with respect to theory of self - absorption, shou l d be 
of highest interest to investigators w ho mea sure primary production w ith 
c14. 
SELF-ABSORPTION OF C 14 
If a uniformly radioacti v e materi al such as BaC 140 3 is used t o make 
sources of various thic knesses (mg / cm2), the measured spe cific acti v i -
ties wi ll not b e proportional to the sample thickness. I n the rang e o f 
thicknesses of BaC 140 3 most easily prepared (about O. 5 to 15 mg/ cm2), 
absorption of b eta particle s by the BaC 140 3 samples themse l ves is the 
predominant caus e of this lac k of proportionality. The basic , though only 
approximate , relationship governing measured specific activity (S i) at a 
given s ample thickness (t) is 
S · = S o (1 - e -µ t ) 
1 µ t ( l) 
where S 0 is specific activity at zero thickness (infinite thinness) andµ i s 
the coefficient for self-absorption. Thus, the estimate of activity at zero 
thickness is 
(2) 
In no case w ill extrapolation to zero thickness us ing the exponential 
equati on of the form 
y = a e-bX ( 3) 
be suitable on a theoretical basis, whe re Y is equivalent to Si, ~is an 
estimate of S 0 , .£is an estimate of µ, and Xis equivalent to_!. The value 
of ~ necessarily will be too low (see Hendler I 959). If under certain 
counting geometryµ. changes very little as zero thickness is approached, 
however, S 0 estimated from exponential plots may be reasonably precise. 
STANDARDIZATION OF C 14 65 
In thin-window and window less Geiger counting, e x pone ntial e x trapola-
tions using BaC 140 3 thickne sses of about 6. 0 mg / cm2 and less usually 
w ill give fairly precise estimates of S 0 • 
A hyperbolic function is approached as the component e-µt in equation 
(1) becomes negligible. Thus, Jitts and Scott (1961) plotted reciprocal 
activities against thicknesses to obtain a hyperbolic extrapolation to zero 
thickness. Hendler (1959) showed that a hyperbolic relationship of the 
form 
s 
0 
S:-
1 
s 
0 
s t + 1' (4) 
o:i 
w here S 00 is specific activity at infinite thickness, was applicable for 
estimates of S 0 under several different measuring conditions. 
METHODS 
A corr;i.plete analysis of our standardization curves was undertaken to 
d e t e rmine for our relati v ely standard Geiger counting system the mathe-
matical function best describing the curve s (and thus giving the most 
precise e stimates of zero thickness). All standardizations were per-
formed as d e scribed by Steeman-Nielsen ( 1952 ), except that in our labo-
ratory the BaC 140 3 suspension ~as stirred w ith a magnetic stirrer during 
pr e cipitati o n and sampling, and the filtration apparatus agitated while 
filt e ring to insure a uniform distribution of precipitate on the filter sur-
face. Duplicate samples were highly reproducible down to about O. 5 
mg / cm2 • Solutions in ampoules nominally containing 1, 4, and 8 µ. c C 14 
were routinely standardized. 
The radioactivity of each BaC 140 3 sample was measured with a Nuclear-
Chicago D-47 Geiger detector w ith a Micromil window of approximately 
O. 15 mg / cm2 thickne ss. A Nuclear-Chicago CllO B Automatic Sample 
Changer allow ed the counting of each sample in a uniform environment of 
Nuclear-Chicago Q gas and at a uniform distance from the detector. The 
scaler w as a Nuclear-Chicago model 18 1 B. 
Specific activities at zero thickness w ere determined exponentially by 
solving the linear equation (from equation (3)) 
log Y = log ~ - E_X 
w here Y = count rate / mg BaC140 3 , X =mg BaC
140 3 / cm2 , .£is the regres-
sion coefficient, and~ is the Y-intercept value, which, in this case, is 
an estimate of specific acti vity at zero thickness. To determine the fit 
of a hyperbolic curve, several combinations of the data w ere used in the 
e quation 
(5) 
where S 0 = specific acti vity at z e ro thickness, X 1 = specific activity of a 
sample of thickness t 1 , and S2 = specific acti vi ty of a sample of thickness 
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t 2 • Thi s equation was developed from equation ( 4) . As H e ndle r ( 195 9) 
suggested , values of S 0 / Si (where Si = s p ecific activity of a sampl e of 
thi c kn e s s t 1 ) c a n be p l otted against mg Ba C 14 0 3 / cm2 , and a st raight li n e 
fitt ed to the poin ts . The goodness of f i t of this line dete r m i nes how 
close l y the points approach a hyperbolic curve . 
RESULTS AND DISC USSION 
The decrease in specific activity with increasing absorber thickness 
a pparently followed a hyperbolic curve of the type suggeste d by Hendler 
( 1959) . In all cases the coefficient of correlation (r) was higher with the 
hyperbolic treatment than with the exponential, indicating a changin g ab-
sorption coefficient with inc r easing thickness (Table 1). 
Tabl e 1. 
L ot 
No . 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Comparison of zero thickness activities (S
0
) of 12 different 
lots of c14 ampoules (average of 2 o r 3 ampoules p e r lot) , 
determined by exponential and hype r bolic extrapo l atio n 
14 1 . ff. . t from thicknesses of BaC o3 . Cor re at10n coe i c1e n s 
also are given. A m poules nominally contained 4µ. c c14. 
Approx. r a n ge E xponential Hyperbolic 
of thi ckne s s es S o s o 
(mg/cm 2) (c pm/m g ) (!:) (cpm/mg ) (_~:) % Deviation 
0. 7 -1 4 . 9 562 -.99 3 733 . 99 7 23.4 
0. 5- 1 5 .2 562 - .990 6 24 . 99 4 10. 0 
0.·6 -1 6 . 2 570 -. 981 69 5 . 994 18. 0 
0 . 4 -1 6 . 2 552 - . 93 6 720 . 992 23. 3 
0. 3-12.9 5 6 2 -. 9 38 7 50 . 997 25. 1 
0. 3 -12. 8 5 5 2 -.970 755 . 995 26.9 
1.1-1 6 . 0 812 - . 97 3 1430 . 9 9 8 43.2 
1.0 - 1 8 .4 950 -.942 1860 . 997 49.0 
1.1-16.4 941 -. 96 9 1658 . 994 43. 3 
0 . 8-17. 4 11 64 -.957 2000 . 998 41. 8 
0 . 8-17.4 1070 -. 972 1296 . 9 93 17.4 
0 . 6-10.2 11 01 - .992 1302 . 99 4 15.4 
Figures 1 and 2 illustrate two extremes in the data. In Fi gure 1, both 
hyperbolic and exponential treatments hav e high coefficie nts of c o rr e la-
tion (.E. = O. 994 and -0. 992, respectively). The exponential plot still has 
a suggestion of curvilinearity, however . Hence, at zero thi ckness, the 
de viation of th e exponential from the h y perbolic curve is 15. 4% , . a rather 
large p e rce nta ge d ifference for standardization curves. In Figure 2 , the 
perce ntage deviati o n i s 41. 8% over a range of about O. 8-17. 4 m g/ cm2 . 
The hyperbolic curve clear~y i s the m ore representative (.!:_ = O. 998). 
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Figure 1. Comparison of zero thickness d e termination s f r om exponen tia l 
extrapolation (A) and hyperbolic e xtrapolation ( B ). B yie l ds a 
zero thickness value 15. 4% higher than A. 
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Figure 2. Compari son of zero thickne ss d e terminations from exponential 
extrapolation over two differ e nt ranges of absorber thickne ss 
(A1 and Az), and hyperbolic e x trapolation (B). B yields a zero 
thickness value 41. . 8% higher than _A 1._a_nd _ _l7 ._ ~%higher than A 2 • 
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A line fit by least squares aver a shorter range of O. 8-7. 8 mg / cm2 (ap-
proximately the range of thicknesses used by Jitts and Scott 196l)yielded 
a specific activity of 1651 cpm/ mg at zero thickness, about 17. 5% lower 
than the corresponding value determined from the hyperbolic curve (2000 
cpm/ mg). Subsequent reductions in the range of thicknesses obviously 
would decrease the percentage deviation between hyperbolic and expon en-
tial treatments. To obtain a sufficiently small percentage deviation, 
however, so that exponential and hyperbolic treatments would y i eld statis-
tically similar activities at zero thickness, w ould, in many cases, re-
quire the preparation of extremely thin samples. Technically this is 
quite difficult, and, with thin - window Geiger counting, not very precise. 
Hyperbolic extrapolation from sufficiently thick sample s appears to 
be relatively better than exponentia l ext rapolation, in thin-window Geiger 
counting. However, the hyperbolic plot does not completely solve the 
problem of precision in determination of zero thickness activity; as a 
matter of fact, it may tend to mask basic flaws in the whole standardiza-
tion technique. For example, equation ( 4) indicates that w hen t = 0, S 0 / Si 
must equal 1. In Figure 1, S 0 / Si = O. 94 7 at zero thickness, w hich is 
reasonably close to 1, but in Figure 2, S 0 / Si = O. 863, which suggests too 
much experimental error for a standardization curve. Curves for the 
other lots of ampoules showed that S 0 / Si at zero thickness varied between 
0. 813 and 0. 993, with most va lues above O. 900 (Table 2). 
Table 2. Values of S 0 / Si at zero thickness, and va lues of the slopes of 
the lines (S 0 / S 00 ) in hyperbolic plots of 12 different lots of C 14 
ampoules. 
Lot s / s . at t = 0 s /s 00 
No. 
0 1 0 
1 0.917 0. 275 
2 0.904 0. 239 
3 0.936 0. 272 
4 0. 813 0.328 
5 0.955 o. 321 
6 0. 907 0. 336 
7 0.942 0.542 
8 0. 993 0. 580 
9 o. 9 1 0 0.495 
1 0 o. 863 0. 614 
11 0. 963 0. 304 
1 2 0 .. 947 0. 299 
It is assumed in most laboratories that experimental procedures do 
not vary among samples or among lots of ampoules; that is, sample pre-
paration and counting conditions are uniform for all standardizations. If 
this were true, S 0 / S 00 from equation ( 4) must be of about the same order 
in consecutive sets; i.e., the slope of S 0 / Si o n t must be approximately 
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equal fo r all sets of data. In Fi gu r e 1, S 0 / S 00 = O. 299, while in Figur e 
2, S 0 / S 00 = 0 . 614 . This is physically impossible unle ss experimental 
conditions had changed . In Tabl e 2, va l ues of S 0 / S 00 for each l ot of am-
poules ar e gi ve n. The va l ues tend to fall into t wo g roups : on e group of 
lowe r values represented by L ots 1 through 6 and Lots 11 and 12, and a 
se cond g roup of higher va l ues represented by L ots 7 through 10. 
The difference between Lots 7 through 10 and the othe r lots is not e n -
tirely clea r. I n checking the dates of experimentation, L ots 7 through 10 
we re standardi ze d soon after moving the counting e quipment from one 
bui l ding to another. Lots 11 and 12, which also we re standardized after 
the move , n evertheless we re run after the e quipment had bee n thoroughl y 
overhauled. Among the corrections made in the ove rhaul we r e the re-
pair of a l e aking quench - gas line a nd theres eati n g of the G - M tube in the 
automatic sample chang e r. These factors cou l d have been lar ge l y re -
spons ible for the changed counting conditions for L ots 7 through l 0 . 
Regardl ess of the diffe r e nce between the two g roups , there was too 
much variation w i thin each group to make the use of S 0 e ntirely satisfac -
tory . In the group represented by L ots 11 , 12 , and l through 6, th e range 
of S 0 / S 00 was O. 239 to O. 336 , a 29% differ e nce . In L ots 7 thro ugh 10, the 
range w as O. 495 t o 0 . 614 , a 19% difference . Undoubt edly more precision 
coul d have b een o btained by doing w indowless counting , but thin-w indow 
c o unting sti ll is done in many labo rato ri es and the ranges of values above 
probably are r ep r esentati ve for this counting mode. 
SUMMARY A D CO CLUSIONS 
It is evident that any type of extrapolation from e nd w indow G e i ge r 
counting of various thicknesses of Ba C 140 3 can lead to s e rious e rrors in 
es timation of s p e cific activity at zero thickness. Th e e rrors perhaps 
can b e minimized , r egardless of method of ext rapolation, by w indow l ess 
counting over thicknesses of about O. 5 to 6 . 0 mg BaC 140 3 / cm2 • Fre quent 
checks must be made to see that c ounting georn.et ry r emains constant. 
It shoul d be emphasiz ed that abso lute activity is not obtaine d by G e i ger 
counting , becaus e G-M systems are conside rably l ess than 100% e fficient. 
Howeve r, primary production e quations (using Cl4 uptake data) depend 
on l y upon the relati vit y of count rate of labe lled phytopl ankton to count 
rate of BaC 1403 at ze r o t hickness . 
Besides the inexactness of determining <i.cti vities at ze ro thickness, 
there ar e two othe r p oss ible se ri ous dr a wbac ks to the stan dardization 
procedure . First, s e lf - abs o rption of Cl4 in BaC 140 3 may be dissimilar 
to that in a l gal c e lls. S e condly, self-absorption probably differs among 
different species of phytoplankton algae . In a phytoplankton comm unit y 
with r e pr esentat i ves from perhaps several different phy l a , th e us e of a 
single ze ro thickness activity may yield e rroneous results . In this cas e , 
standardization procedures curr e ntly in use in many labo ratori es would 
be wa rr a nt ed no long e r, and the determinati on of absolute activity of 
each sample would be r equired. Liquid scintillation counting or counting 
in an ionization chambe r, aft e r comple t e combusti o n of the sample , are 
two possible alt e rnative s (see G o ldman 1960; Jitts and Scott 1961; Wet ze l 
1964); or the biological method propos ed by Steeman-Nielsen (1965) may 
b e applicable. Estimate s of phytoplankton production from scintillation 
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counting of C 140 2 after combustion of samples on filters are currently 
being compared in our laboratory to estimates obtained on the same 
samples after conventional standardization with BaC 140 3 and counting 
under a thin window Geiger system. 
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A BST RAC T. T h e s u r f a c e s e i c h e s o f L a k e W e s t 0 k o b o j i , 
Dickinson Co., Iowa, were studied in the summer of 
1966. A uninodal seiche and a binodal seiche were 
found with periods of 28. 5 and 13. 5 minutes, respec-
tively. Theoretical computations were used to locate 
the positions of the nodes. A comparison o f the sur-
face and internal seiches was made. 
INTRODUCTION 
Seiches are long, standing waves commonly found in enclosed basins. 
They are caused by an imbalance in the forces acting upon the surface of 
a lake. This results in a displacement of a part of the water mass above 
the equilibrium level. When the force is removed, the water flows back 
toward its original position, but due to the conversion of potential energy 
to kinetic energy, it continues to move past the equilibrium point and 
again rises in another part of the basin. The process is repeated and 
continues until all the energy has been dissipated by friction. The sim-
plest of these waves, termed a uninodal seiche, has a wave length equal 
to half the length of the lake for a rectangular basin. Antinodes (regions 
of maximum vertical dis placement) are located at both ends of the lake, 
and a single node (a region of no vertical displacement) is located near 
the center of the basin. More complex waves with two (binodal), three 
(trinodal), or more nodes may also occur at the same time. Similar 
standing waves, termed internal seiches, may also be found at the boun-
dary between ·1ayers of warm and cold water in stratified lakes. The ex-
tensive literature dealing with seiches has been reviewed by Hutchinson 
( 1957), Defant ( 1961 ), and Proudman ( 1953 ), and these works should be 
consulted for historical, bibliographic, and theoretical aspects of the 
subject. 
This study deals with the empirical and theoretical parameters of 
seiches in Lake West Okoboji, Dickinson Co., Iowa. The lake has a 
maximum length of 8. 74 km, a maximum depth of 42. 7 m, and a mean 
d~pth of 11. 9 m. More complete morphometric data have been compiled 
by Bachmann ~t ~.(1966). The biology of the lake is relativelywell known 
(Ulmer 1962; Stoermer 1963); however, there have been few physical 
1 Journal Paper No. J-5680 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project 1564. 
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studies. Tilton ( 1916, 191 7) studied long-term variations in the surface 
water levels and mentione d the occurrence of periodic oscillations of the 
lake surface, but did not determine their periodicity. Bardach (1954) 
investigated the internal s e iches of the l ake, but considered the surface 
seiche too difficult to demonstrate. 
MATERIALS AND MET H ODS 
Empirical observations of surface oscillations we re made in the sum-
mer of 1966 by using a portable limnometer (Fig . 1 ). This instrument 
Figure 1. Portable limnometer used to record water level fluctuations. 
consisted of a bucket buried in the shore partly below the mean water 
level of the lake. A siphon made of flexible rubber tubing with an inside 
diameter of 1. 2 cm connected the bucket to the lake so that the water 
level in the bucket corresponded with that in the lake but was not dis-
turbed by short surface waves. A wooden float in the bucket was con-
nected to the end of a lever arm pivoted so that the motion of the float 
was multiplied several times at the pointer at the opposite end. Relative 
water levels were read by sighting across the end of the pointer to a piece 
of graph paper taped to the board. The instrument could detect a change 
in the lake level of 0. 033 cm. During ope ration, readings were taken at 
30-second intervals. When observations were made at the Iowa Lakeside 
Laboratory, use was made of the permanent stilling well maintained for 
the United States Geological Survey recording gauge. 
Since seiches are free waves, their periods and the positions of their 
nodes are determined by the morphometry of the basin. The periods can 
be calculated quite easily for basins of uniform geometrical shape (Hutch-
inson 1957 ). Lake West Okoboji, however, has a geometrically complex 
basin and it was necessary to use a more general method developed by 
Defant ( 1961, p. 165 ). This involves a numerical integration of the equa-
tions of motion and continuity for a particular basin. By using the mor-
phometric map of the lake (Bachmann ~t ~l. 1966), 40 equally spaced cross 
s ections were obtained (Fig . 2). Starting at one end of the lake with an 
estimated period, the horizontal and vertical displacements of the water 
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Figu;e 2. Outline map of Lake West Okoboji showing the positions of the 
sections used for the Def ant method. The circled numbers 
indicate the section numbers. Triboji Beach is located at 
point I and the Iow a Lakeside Laboratory is located at point 
f:. · Line U - U represents the position of the uninode and lines 
B-B represent the positions of the binodes as determined by 
the Defant analysis. 
particles were calculated . Thes e results we re used to compute the hori-
zontal and vertical displacements for the next section, and so on, down 
the axis of the lake. If the initially chosen period was the corr ect one, 
the calculated horizontal displacement at the opposite e nd of the lake 
would be ze ro. Several different values for the period were tried b efo r e 
the correct one was found. An ele ctronic computer w as use d to fa cilitate 
these calculations. The FORTRAN program for this problem is available 
from the author. 
For interpreti v e purposes, the normal curve of Lake W e s t Okoboji 
was constructed by following the procedures of Chrys tal (190 5 ) ( summa r-
ized by Hutchinson 1957). This curve represents the longitudinal profile 
of a lake with uniform breadth and rectangular cross section, but with 
variable depth which has identical mod e s of o scillation w ith Lake .West 
Okoboji. 
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Figure 3. Seiches recorded at Triboj i Beach on 1 August 1966. From 
top to bottom; (1) Full record as recorded; (2) Uninodal 
seiche obtained by removing the binodal seiche from the re-
cord (see text for details) ; (3) Binodal seiche obtained by re-
moving the uninodal seiche from the record; ( 4) Residual 
fluctuations following removal of both uninodal and binodal 
components. 
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RESULTS 
On 1 August 1966, a 3 - hour series of wate r levels w as recorded at 
Triboji Beach on the northern shore of the lake (Fig. 2). The wind had 
been gusting fr om the north for about 12 hours before the start of this 
recording and had abated almost e ntirely by the end. The original data 
have been plotted in the top g raph of Figure 3 . This figure indicates the 
pr e sence of a major w ave with a period of about 28 minutes, plus an ad-
ditional w ave or waves of shorter period. This curve w as analyzed for 
its component waves by the method of residuation as briefly described 
by Hutchinson (1956, p. 312). A 28. 5 -minure period was found by inspec-
tion ot the curve. To remove this component the original cur ve was 
shifted by f 4. 5 minutes and averaged w ith itself. The resulting curve is 
shown third from the top in Fi gure 3 and r epresents a wave with a period 
of oscillation of 13. 5 minutes. This latter cur ve was then removed from 
the original r ecord by shifting the original by 6. 75 minutes and averag-
ing to yield the second curve in Figur e 3 . This left a relatively pure 
wave w ith a per iod of 28. 5 minutes. When both these components were 
removed, the remaining cur ve (bottom of Fig. 3) no longer retained any 
obvious periodicity, indicating that only two modes of oscillation were 
r e corded. 
The other field record w as obtained on 15 August 1966 at the Iowa 
Lakeside Laboratory (Fig. 2). This recording was made during and sub-
sequent to an intense thunderstorm accompanied by high winds. This 
record (Fig. 4) is initially irregular and then settles into a wave with a 
period of 13. 5 minutes. 
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Figure 4. Binodal seiche recorded at Iowa Lakeside Laboratory on 
August 15, 1966. 
The Defant calculations were carried out for the first three modes of 
oscillation, and the resulting periods are presented in Table 1. The cal-
culated horizontal and vertical displacements are presented in Figure 5. 
The curves of vertical dis placement indicate the relative water level 
fluctuations for any point along the lake for the uninodal, binodal, and 
trinodal seiches. These curves were used to locate the nodes for the 
uninodal and binodal seiches indicated on Figure 2. 
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Table 1. Observed and calculated periods for surface seiches 
in Lake West Okoboji 
Mode of Observed period Calculated period 
oscillation minutes minutes 
Uni nodal 28.5 25.6 
Binodal 13.5 13.4 
*13.5 
Tri noda 1 9.9 
* Recorded at the Iowa Lakeside Laboratory. All other 
recordings from Triboji Beach. 
I DISCUSSION 
In Table 1, a comparison can be made between the observed periods 
and those calculated for the various types of surface seiches. On inspec-
tion, it appears that the 28. 5-minute period represents the uninodal 
seiche and that the 13. 5-minute period is the binodal seiche. From 
Figures 2 and 5, it can be seen that both these waves would have anti-
nodes at Triboji Beach and that both would also have their maximum am-
plitudes at that point. These theoretical conclusions are substantiated 
by the record from the Iowa Lakeside Laboratory which lies near the 
hypothesized antinode for the binodal seiche and also near the node for 
the uninodal seiche. The binodal seiche should be evide nt at this point, 
but the uninodal seiche would have an amplitude only 8. 4% of that ob-
served at the end of the lake . The findin g of only a 13. 5-minute wave at 
this station indicates that the node of the uninodal seiche is indeed located 
at this point. 
Although the agreement between the observed and calculated periods 
for the uninodal seiche (91. 1%) appears adequate, it is somewhat less 
than that usually found in studies in which the Defant method has been 
used. This may be due to a number of factors. First, the length of the 
field record may not be sufficient to yield a highly accurate estimate of 
the actual period. Second, the highly irregular nature of the basin may 
violate some of the assumptions of linearity upon which the Defant me-
thod is based, and lastly there may be a rounding error involved in the 
large number of calculations involved in the De fant method. This last 
possibility is currently being studied and will be discussed in a future 
paper dealing with the method itself. The agreement is excellent between 
the observed and calculated binodal periods. 
The nodes for the uninoda l and binodal seiches in relation to the nor-
mal curve are indicated in Figure 6. The node of the uninodal seiche is 
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Figure 5. Horizontal and vertical water movements in the uninodal, bi-
nodal, and trinodal seiches, from top to bottom, respectively. 
Solid line represents the vertical movements; dashed line 
represents horizontal movements. All numerical values are 
relative linear quantities. 
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Figure 6. Normal curve of Lake West Okoboji. ~represents the posi-
tions of the nodes of the binodal seiche. U is the location of 
the uninode. See text for e xplanation. 
located closer to the shallow z one of the lake than would be . expected 
from a priori geometrical considerations. Chrystal ( 1905) has shown 
mathematically that this is the expected situation in all lakes (see also 
Defant 1961, Fig. 71 ). 
The normal curve (Fig. 6) also indicates the irregularity of the lake 
with a notable convexity at the center. The theory of Chrystal (summar -
ized by Defant 1961) predicts that such a convexity results in an increase 
in the uninodal period relative to the binodal. Indeed, Lake West O koboji 
differs from most other lakes whose seiches have been studied in that the 
period of the binodal seiche is less than half that of the uninodal seiche. 
Generally, this ratio is greater than one-half (see Hutchinson 1957, and 
Defant 1961, for compiled data on other lakes). 
The surface seiches discussed thus far represent the oscillations of 
the air-water interface. Bardach ( 1954) has previously investigated the 
internal seiches of the lake which are found at the thermocline boundary 
between the warm epilimnion and the colder and more dense hypolimnion. 
He found periods of from 1200 to 1400 minutes with maximum vertical 
ranges of 400 to 500 cm in contrast to the uninodal seiche found in this 
study, which had a period of 28. 5 minutes and maximum ranges of 2 to 3 
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cm. These are exp e cted r esults because the density gradient b etween 
the air a nd the w at e r is u sually about 100 0 times g r e ater than betwee n 
the e pilimnion and th e hypolimnion. Unli ke the surfac e seiche, the p er -
iod of the internal seiche is n ot a constant for the lake becaus e it depends 
on the depth of the thermocline and the density differences betwee n the 
two laye rs . The internal seich e s w ill thus va ry w ith the vertical tem -
p e ratur e structure at any given time. On the othe r hand, due to their 
large amplitudes, they are of much g r e ate r impo rtance to th e mix ing 
processes of the lake. 
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FOREST OWNER ATTITUDES TOWARD FORESTRY 1 
Carl H. Stoltenberg and James H. Gottsacker 
ABSTRACT. Iowa 's forest ow n ers use their forest lands 
for many purposes. The use of primary interest differs 
between areas wit hin the state. A study of these owners' 
managerial objectives shows that not all of the prac-
tices urged by public programs are appropriate for 
forest ow ners wit h diverse management objectives. 
Increasing the wood production of America's forests has been an ob-
jective of several federal, state, and private programs. 
Such a production increase would benefit tomorrow's wood consumers 
as we ll as tomorrow's forest owners . Public programs also have sought 
improved marketing practices. These would benefit three groups: pres-
ent forest owners, wood-using industries, and wood consumers. These 
national efforts have been designed to keep forest owners we ll informed 
and to provide them with technical and, sometimes, financial assistance 
with fore st management practices. 
In conducting these programs in Iowa, administrators of public for -
estry programs have considerable information to guide them. For exam-
ple, they know how timber growth rates can be improved and timber val -
ues increased by various forestry practices. 
However, the administrators know relatively little about the forest 
owners themselves. For example, they don't know which forest benefits 
are of primary interest to I owa's forest owners and; thus, what forestry 
practices and services would be most readily adopted. Similarly, they 
know little about what forest owners think of the public programs to in-
crease timber growth rates and why these owners do or do not cooperate 
with such programs. 
To fill some of these knowledge gaps, a study of a random sample of 
fore st owners in 6 Iowa counties was conducted by the forestry staffs of 
the Iowa State University and the Iowa Conservation C ommission. Simi-
lar studies were conducted in 9 other midwestern and eastern states . 
The sample Iowa counties were Clayton and Jefferson in the e ast, Dallas 
and Hardin in central Iowa, and Monona and Crawford in the west. 
In conducting the Iowa study, 215 forest ow ners in these .6 widely sep-
arated counties were interviewed by foresters. This was only a small 
sample of Iowa's 35, 000 pri vate forest owners, but it did give some in-
teresting results. 
For example, previously published statistics indicated that 88% of 
Iowa's forest owners were farmers and that the remainder were wood-
using industries, urban residents, and so forth. (Only 1. 5% of Iowa's 
1 Journal Paper No. J-5639 of the Iow a Agriculture and Home Economics 
Experiment Station, A~es, Iowa. Project No . 1457. 
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Table l. L ocation and description of sample counties. 
Type of Local Number of 
wood forester forest owners 
Location market available? County interviewed 
East Good Yes Clayton 31 
East Good Yes Jefferson 21 
C e ntral Limited Y e s Dallas 55 
C e ntral Limited No Hardin 52 
West Poor No Monona 26 
West Poor No Crawford 22 
forest area is publicly owned.) However, our sample indicated that farm-
ing is the major source of income for only about 70% of the forest owners 
in these 6 counties. 
Many Forest Values 
Pasture, wood to be used at home , erosion control, cash income from 
the sale of wood products, and r e creation are the most important b e n efits 
that Iowa forest owners receive from their forests , according to thos e 
interviewed. 
Pasture was the most important benefit for more than 25% of the own-
ers in every sample county. And in the two western counties, whe r e 
wood markets are r e lati vely poor and gra zing is a major farm acti v ity, 
more than 50% of the owners listed pasture as th e major value they de-
rived from their forest land. In contrast, wood for home uses was the 
most important value for 30% of the eastern-county owners, but for less 
than 10% in the western counties. 
Income from wood-product sales was an important b e nefit to almost 
all forest owners, particularly those in the central and eas tern counties . 
However, even in these counties, only 10 to 20% of the forest owners 
listed cash income as the primary value that they derived from their 
woodlands. And in the 2 western counties, not 1 of the 48 ow n e rs listed 
income from timber sales as the most important benefit he derived from 
his forest~ 
Recreation was the most important va lue for almost 10% of th e owners 
in all 3 sections of the state. 
W e re owners satisfied with the use they were making of the forest? 
Or did they feel that the use of thes e lands should be changed? Ow n e rs 
answered these questions in different ways . In the western counties, only 
50% of the forest owners thought their woodlands were in the best use. 
In the areas with better wood markets, however, 60 to 70% of the owners 
were satisfied. Throughout the state, owners who had classifi e d their 
woodlands under the Iowa Fores t Pres erve Law were better satisfied; 
more than 80% of these owners stated that tre e s provided the b e st use 
for their woodland ar e as. 
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S e lling Wood Products 
More than 70% of the owners interviewed in the central and easte rn 
counties said that their forest contained salabl e timber . In the weste rn 
counties , however, only 40% of the own e rs thought some of their timber 
would be merchantable, another reflection of the poor market conditions 
there . 
In those counties where forest mar kets we re reasonably good, owners 
reported a considerable a1nount of timber marketing . In the eastern 
counties , 50% of the owners had so l d l ogs , trees or some other timber 
product within the past 3 years , and 30% of the owners intended to harvest 
and sell some such product from their forests within the next 3 years . 
Inte r est in Forest ry 
Interviewed land owners expressed considerable interest in a wide 
range of forestry practices that coul d be expected to increase the vo lume 
and value of the trees in their woodlands . Owners in the eastern counties 
showed the most inter est in marketing - 50% were interested in such 
practices . But they were interested in other practices, too : 40% we re 
inte r ested in stand-impr ovement practices , and a like number desired 
the s ervi c e s of a pr ofessional foreste r; 30% we re interested in planting, 
20% in obtaining a management plan for their fo r est , and 20% of these 
eastern owners we r e interested in fencing cattle out of their woods . 
In contrast, there was relatively little interest in such pratice s by 
the 48 forest owne rs interviewed in the we stern counties . Not quite 20% 
of thes e ow n e rs were interested in stand- improvement work , and only 
1 owner in 10 was i nterested in ea ch of the other practices . 
Owners gave s eve ral explanations for the low interest and action 
relative to forestry practices. For example , in the weste rn counties 
whe r e timber markets are relatively poor and most owners use their 
fore st s as pasture, 40% of the owners said they didn't adopt forestry 
practices b e caus e thes e m i ght r educe pasture values! Anoth e r 30% listed 
lack of ma r kets as the major deterrent. 
In the central and e ast e rn counties, both b e tte r investment opportuni -
ties and desire to continu e g razing their for e sts were listed by 25% of the 
owners as the most important r e ason for not i n ves ting more money and 
effort in fo r est ry practices. Another reason given by more than 10% of 
th e se owners w as poor experience with past timbe r sales; in some cases, 
loggers had be e n destructive, had not g iven a fair price, or had not lived 
up to their timber-sale agreements. 
Although mentioned by some, fewer than 10% of the forest owners re-
garded lack of technical knowledge, desire to keep woods wild, or lack 
of clear ownership as the major deterrent to adopting more inte nsive 
forestry practice s. Taxes were listed as the major obstacle by 15% of 
the owners in Hardin and the eastern counties, but by only a very small 
group in the other areas. 
Awareness of Forestry Assistance 
One of the major objectives of the study was to determine how well 
people were acquainted with the various forms of assistance a vailable to 
them and to learn how strongly owners might be interested in such as-
sistance. The results indicated that almost 60% of Iowa forest owners 
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are aware of the availability of ACF cost-sharing payments in support of 
private forest-tree-planting effo rts. Approximately 1 owner in 3 was 
aware of the property-tax advantage for forest land under the Iowa Forest 
Pres e rve Law (although this figure was only slightly less than 10% in the 
wes t ern counties). In the ea st e rn counties, 75% of the ow n e rs knew about 
the pr ofe ssional forestry services available through the district foresters 
of the Iowa Conservation Commission. But in Hardin and the weste rn 
counti es (whe re the program is newer), o nly 40% of the forest owners 
knew about these services. 
One major ince ntive or fo rm of assistance for forestry practices is 
income from the sale of forest products. However , to obtain such i:n-
come , one must contact woo d buyers, so we asked the owners how many 
lo g or tree buyers they knew. Almost 90% of the owners in Dallas and the 
e ast e rn counties knew 1 buye r, although l e ss than 50% kn ew 3 or more. 
The se proportions we r e somewhat smaller in Hardin County. In the 
western counties, only 1 owner in 4 knew even one person who was buying 
wood products, and no inte rviewed owner knew as many as 3 buyers . 
In seeking help with some technical forestry problem , 70% of the own-
e rs said they knew of a source of such assistance. In the areas where 
the Conservation Commission had had district foreste rs for several 
years, almost 40% of the land owners indicated that the district forester 
would be their first source of information. But in Hardin and the west -
ern counties, only 1 person in 5 listed the district forester as the one he 
would have thought of calling first. Approximately one-third of the own-
ers would have thought first of contacting the Soil Conservation Service 
for assistance. In Hardin County, 50% of the owners would have contacted 
either their county extension director or "Iowa State Unive rsity," but in 
the other 5 counties, only 15% of the owne rs would have gone to eithe r of 
these sources first. 
Although this shows that many land owners are not aware of which 
agency is best equippe d to provide the solution to a specific forestry 
problem, most of the forest owners did know of good sources of informa-
tion. With the existing close cooperation of these agencies , the owner 
would soon be talking with the right person. It is hard to know whether 
the 30% who didn't know where to go for assistance really knew that little 
about sources of assistance , or simply hadn't thought about it befor e . 
Forestry Programs and Practices 
Forestry programs may differ from each other on the basis of three 
characte ri stics : products, practices, and incentives. A specific pro-
gram is usually aimed primar ily at one specific benefit or product, such 
as increased wood-product marketing e fficiency, g r eate r growth or har-
vest of wood products 50 years h e nce, or reduc e d erosi on now . In addi-
tion, each program has its own specific set of approved practices for 
achieving the program goals - for instance, planting and stand-improve-
ment to increase future timber harvest values; marketing advice to in-
crease current marketing efficiency or raise owner's income . And e ach 
forestry program has its own specific incentives - financial assistanc e ; 
low-cost or free technical information or professional service. 
Most Iowa forestry programs are designed to increase the vol ume and 
value of wood growth or income, eve n though both of these are secondary 
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values in the minds of Iowa's forest owners. Are these programs de-
signed primarily to help pr esent owners? If so, should not the programs 
include practices to increase these other benefits as well as (or perhaps 
even instead of) timber incomes? One would think so-at least if these 
other values can be increased and if the owners are correct in their rat-
ing of both other va lues and their timber-income-producing possibilities . 
(If the owne rs are mistaken, then better information on both timber-
income benefits and the benefits of forest grazing would encourage more 
owners to be interested in timber-growing practices.) 
We asked forest owners several questions to determine what practices 
would interest them most. Obtaining the services of the district forester 
was of interest to only 10% of the owners in the western counties, but to 
a higher portion in ea ch of the other counti e s, up to better than 50% in 
Dallas County. 
One-fourth of the owners in the eastern counties would be interested 
in joining a marketing cooperative, whereas considerably less than 10% 
were interested in such an undertaking in the we stern counties. 
About 1 owne r in 3 in Dallas and the eastern counties would be inter-
este d in hiring a consulting forester to manage his woodland and market 
its products along with the woodlands and wood products of his neighbor. 
However, only about 10% of the owners of Hardin and the western counties 
were interested in more information on this possibility. 
Marketing information was of interest to many owners. Price and 
outlook information would be useful to 40% of the owners in Dallas County, 
to 60% of the owners in Hardin and the eastern counties, and to 30% of the 
owners even in the western counties. 
Obtaining several bids in making timber sales was one of the most 
popular woodland practices , both fr om the standpoint of adoption and of 
interest of land owners. The considerable interest in marketing infor-
mation indicates that most owners are interested in selling wood pro-
ducts, even though this is not the primary value that they derive from 
their forest. They would also like to sell such products at good prices 
to a reliable purchaser. 
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Textiles and Clothing 
CURTIS, THEODORE DWAIN, JR. -
Selected Characteristics of 
Elementary School Principals 
in Iowa During the School Year 
1964-65. 
Education 
CYSEWSKI, SIGMUND J., JR. 
Mycotic Abortion in Ewes Pro-
duced by Intravenous Inocula-
tion with Aspergillus fumigatus. 
Veterinary Pathology 
DALLMAN, ROBERT STANLEY 
Analysis of Pore Distribution 
by Diffusive Counterflow. 
Chemical Engineering 
DANA, PAUL R. 
Extraction of Oxidized Copper 
Ores with Arrnnonia and a Cation 
Exchange Resin. 
DAVIS, LORETTA BAHNSEN 
Relationship of Eye Movements 
to Student Characteristics and 
Performance in an Academic 
Learning Skills Course. 
Education 
DAY, STANLEY GORDON 
Bayesian Decision Theory, 
Matched Filter Theory and 
Biological Signal Analysis. 
Electrical Engineering 
DE COOK, STEPHEN KEITH 
Estimates of Locational Shifts 
of the Retail Feed Industry in 
Two Functional Economic Areas 
in Iowa. 
Economics and Sociology 
DE GRAFT-JOHNSON, KWEKU TWUM 
Some Aspects of Measurement 
Errors. 
Statistics 
DEISENROTH, MARY MARCIAN 
Development of an Intrument to 
Assess Quality of Food in Food 
Service Establislunents. 
Institution Management 
DIETZ, WAYNE PERCY 
Side-Valley Cumulic Soils in 
Loess Areas of Tama County, Iowa. 
Agronomy 
DILLMAN, DONALD ANDRES 
Systemic Linkages Between Volun -
tary Associations: A Theore-
tical Model. 
Economics and Sociology 
DOVAT, ALFREDO MARIO 
Lipolytic and Proteolytic 
Activity of the Enterococci. 
Dairy Microbiology 
DYE, JAMES HILTON 
The Effect of News Volume in 
Three Iowa County Seat Towns on 
Reception and Retention of Informa-
tion about Local Government. 
Technical Journalism 
EBERT, GLADYS MEYER 
Suggestions for Homemaking 
Programs to Meet Need s of 
Educable Mentally Retarded Pupils. 
Home Economic s Education 
ELSNER, PAUL RAYMOND 
Fine Structure of Temperature-
Induced Differentiation of 
Sporangia of Phytophthora 
infestans. 
Botany and Plant Pathology 
ELWELL, JAMES HALSEY 
Behavior of Carbonate Aggregate 
from the Otis Member of the 
Wapsipinicon Formation in High-
way Concretes of Various Ages. 
Earth Science 
ENGLERT, THADDEUS JOSEPH 
Nuclear Spectroscopic Studies 
with a Semiconductor Detector 
Coincidence System. 
Physics 
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FEINBERT, LILIAN OKNER 
A Study of Some Selection and 
Admission Criteria for Foreign 
Students of Journalism in 
United States Colleges and 
Universities. 
Technical Journalism 
FERGUSON, ELDON GLEN 
Improvement of Granular Base 
Course Materials with Portland 
Cement. 
Civil Engineering 
FERLEMANN, E. FRIEDRICH 
Total Corn Harvest: A Combine 
Attachment for Shelled Corn and 
Silage. 
Agricultural Engineering 
FIELD, ELIZABETII ANN 
Chorio-Allantoic Grafting of 
Embryonic Chick Gonads in Rela-
tion to Sexual Differentiation. 
Zoology and Entomology 
FINK, VARLYN DAVID 
Acceptance and Implementation 
of the 4-H Project Leader System 
by the Iowa County Extension 
Staff. 
Education 
FINN, RAYMOND FRANCIS 
Effects of Type and Intensity 
of Shock on Avoidance Learning. 
Psychology 
FIRKINS, GEORGE SHELDON 
A Serological Survey of Iowa 
Stock Cows for Antibodies to 
Infectious Bovine Rhinotrache-
itis Virus. 
Veterinary Bacteriology 
FISCHER, CRAIG ALLEN 
Blood Modified Adhesives for 
Southern Pine Plywood. 
Forestry 
FOLSOM, RALPH E., JR. 
Balancing Lot Means As Contrasted 
to Covariance or Constrained Ran-
domization for Evaluating Treat-
ment Differences in Completely 
Randomized Designs. 
Statistics 
FOUNE, CHARLES CLIFFORD 
The Effect of Oxygen on the 
Mechanical Properties of the 
Nb-1% Zr Alloy. 
Metallurgy 
FREEMAN, RICHARDT, 
Educational Interests of Adults 
in Marion County, Iowa. 
Education 
GIBBS, GORDON LYNN 
Areas of Conflict Within Func -
tional Responsibilites of High 
School Principals and Counselors 
in Selected Iowa Schools. 
Education 
GILBERT, ARDYCE LUCILE 
Clinical Evaluation of Predic-
tive Data for Prospective Home 
Economics Teachers. 
Home Economics Education 
GILMORE, HOWARD T, 
A In Vitro Study of Gonocyte 
Differentiation. 
Botany and Plant Pathology 
GIROLO, JACK EMILE 
Connectivity Retracts on K_Co-
herent Peano Continua, 
M;:- thematics 
GLANDORF, DAVID ROBERT 
Optimum Launch Trajectories for 
Two-State Vehicles. 
Aero spac e Engineering 
GLIDDEN, HARRY JAMES 
Electrode Contact Resistance 
in a Fluidized Bed. 
Chemical Engineering 
GODINHO, HUGO PEREIRA 
Course and Distribution of the 
Nervi Craniales in the Sus 
Scrofa Domesticus. A Gross 
Anatomical Study. 
Veterinary Anatomy 
GOETZ, RICHARD WILLIAM 
Heats of Adsorption and Reaction 
of Wheat Flour Undergoing Acid 
Modif ication. 
Chemical Engineering 
GOODMAN, HAROLD MARTIN 
Rate of Development of Oxidative 
Changes in Muscle Lipids of 
Frozen Turkey. 
Animal Science 
GOODNIGHT, RONALD KEITH 
A Convergent-Discriminant Valida-
tion of Three Industrial Rating 
Methods Via the Method-Train 
Matrix. 
Psychology 
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GRAHAM, CHARLES KENT 
Comparison of Alternative 
Methods of Gathering Data for 
the Eva luation Survey of the 
1964 Census of Agriculture. 
Statistics 
GRAHAM, JOSEPH 
High Temperature Chemis try of 
the Hafnium Sulfides . 
Chemistry 
GROVER, JOHN HARRIS 
Splenic Variations in the Blue-
gill, Lepomis machroch irus, 
from Iowa Fann Ponds. 
Zoology and Entomology 
GUNTHER, MARILYN MILLARD 
Resource Adequacy of Recipients 
Receiving Old Age Assistance. 
Home Management 
HADDAD, DAVID I. 
A Multiple-Detec tor System for 
Measurement of Angular Correla-
tion of Ganuna Rays. 
Physics 
HAFFLEY, JANET PITTMAN 
The Interaction of Ribosomes 
with Bentonite and Salts. 
Biochemistry 
HAGERMAN, LARRY LEON 
A Computer Program for Minimum 
Transition Time, Asynchronous 
Circuit State Assignments. 
Electrical Engineering 
HALBERG, MICHAEL ROBERT 
The Detennination of Flow Dis-
tribution of Packed Co lumns 
By Means of a Momentum Transport. 
Chemical Engineering 
HAMM, DAVID LEE 
Accelerated Stabi lity Tests for 
Butter oil. 
Dairy and Food Industry 
H.AMM:>ND, MARLENE OSTROM 
Educational Interests of Out-
of-School People of the North 
Iowa Area Development. 
Education 
HARLESS, CARROLL D. 
Farming Opportunities in the 
NESCO Community School District. 
Education 
HARMON, MARCIA KAY 
Effects of Modality of Presenta-
tion and Age on Rhythmic Judg-
ments of Children. 
Child Development. 
HARRIS, ALVIN LEON 
Guanidation of Cystine. 
Biochemistry 
HAVERDINK, VIRGIL DEAN 
A single Mach ine Giant Bale Hay 
Handling System. 
Agricul tural Engineering 
HAYES, EARL J ., JR . 
An Investment -Opportunity Approach 
Applied to Municipal Outdoor 
Recreation Planning: A Case 
Study of Ames , Iowa . 
Forestry 
HELWI G, ANDREW ANTON 
An Attempt at Construct Valida-
tion of a New Measure of Curio-
sity. 
Psychology 
HIRATA, MICHIMASA 
Solvent Effects Upon the Reac -
tivity of Phenols. 
Chemistry 
HOBBS, PRISCILLA ANN 
Some Textil e and We av ing Techni-
ques for Use in a Summer Camp 
Arts and Crafts Program . 
Applied Art 
HOERNER, HARRY JOHN 
Competencies in Electricity 
Needed by Iowa Farmers. 
Educat ion 
HOFFMAN, MARK PETER 
Factors Affec ting Lamb Production 
by Western Ewes. 
Animal Science 
HOFFMAN, PATRICIA R. 
Prediction of Re tention of Selec-
ted Iowa State University Fresh-
men in 1961 . 
Education 
HOFFMAN, RICHARD OTTO 
Management Science Models Applied 
to Re tail Fertilizer Blending 
Plant Operations. 
Industrial Engineering 
HOGAN, JACK MICHAEL 
Seismic Wave Velocity Re lated 
to Dehsity and Moisture Content 
of A Compacted Soil. 
Civil Engineering 
HONSTEAD, CAROLE ANN 
Relationships Between Socioecono-
mic Level, Intelligence, and Piage -
tian Concept Atta inment in Kinder -
Garten Children. 
Child Development 
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HOOVER, HAROLD MONROE 
Industrial Property Life Analy -
sis with an Analog Computer . 
Engineering Valuation 
HOWELL , DAVID G. 
Selected Studies of the Fluore -
scent Staining of Acid - fast 
Bac i lli in Bovine Tissues with 
Auramine 0 . 
Ve terinary Pa t hology 
HRAPCHAK., WILLIAM JOH 
Components of Effective Super -
vis i on . 
Psychology 
HUANG, CHERN -I 
Some Cons i de r ations of VHF 
Var actor Qual ity Measur ement. 
Electrical Engineering 
HUANG, TZAO FEN 
Relation of Seed Weigh t to 
Grain Yield of Oat s . 
Agr onomy 
HULLINGER, RONALD LORAL 
A His t omorpholog i cal Study of 
Age Changes in the Canine 
Adr enal Gland. 
Ve t erinary Anatomy 
HU TI GTON, JUDITH LYNNE 
The Effec ts of 5 - Fluorouracil on 
the Tr ansfer Ribonucle i c Acids 
of Escherich i a Coli . 
Biochemis try 
JAMLANG, WELSONI A PADILLA 
Effec t s of Di e t ary Oleates on 
Lymph Lip ids in the Young 
Bovine. 
Biochemistr y 
JOHANNS, CLARENCE JAMES 
The Bacterial Flora of the 
Cervix and Vagina of the Domes -
tic Cow Befor e and After Partu -
rition. A Cl inical St udy . 
Ve t e rinary Obstetrics 
JOHARI , GIRISH CHANDRA 
Determination of Op timum Cor -
rection Fac tor for the Digital 
Solution of Economic Power 
System Ope ration. 
Elec tr ical Engineering 
JOHNNIE, DANIEL HARRY, JR . 
On- line Gas Chromotography 
Analysis of t he Vapo r Phase 
Nitration of Butane in a Tubular 
Reactor . 
Chemi cal Eng ineering 
JOHNSON, DAVID CHARLES 
Appar ent Radial Eddy Diffusivi -
ties Calculated from Spin- Echo 
NMR Obser vations . 
Chemical Engineering 
JOH SON , DAVID ROBERT 
Ef fect of Injections of Propane 
Into Soil on Crop Growth and 
Microbial Ac tivi t y . 
Agronomy 
JOH SON, GARY DEAN 
Stratigraphy of the Pella Forma -
tion (Mi ssissipp i an) of Iowa. 
Geology 
JOH SO , PAUL A. 
Four and Five Level Designs for 
Discriminating Between Quadratic 
and Exponential Mode l s . 
Statis tics 
JOH SON, ROBERT LEE 
Electrical Properties of Low 
X-value Sodium Tongsten Bronze . 
Physics 
JOHNSON , ROSS GLENN 
A Study of the Bind ing of 
His t ones to DNA in Agarose 
Columns . 
Botany and Plan t Pathology 
JOH SON , ROY LELAND 
Ear Asymmetry Effects in a 
Mul tichannel Radio Monitoring 
Task. 
Psychology 
JOHNSON , WILLIAM STEVEN 
The Relationship Between Farmers' 
Personal and Situational Charac -
teris tics and Pos itions on Farm 
Programs . 
Economi cs and Sociology 
KEATING, JOHN JOSEPH 
Appl i cation of Silicon Survace 
Barri e r Detectors to Neutron 
Spec troscopy. 
1uc lear Engineering 
KERN , BON IE KLEYMANN 
Soc i oeconomic Diff erent i als in 
Management Problems of Young 
Urban Families. 
Home Management 
KERN, JOHN JOSEPH 
Compe tition Among Adjacen t Rows 
of Grain Sor ghum of Var y ing 
Height Genotype . 
Agronomy 
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KHAN, MOHAMED SHAHEED 
Possibl e Mycorrhizal Assoc i ates 
of Blac k Walnut . 
Bo tany and Plant Pathology 
KIDD, CAMP BELL AUGUSTUS 
Weigh t Op timi za tion of a Reactor 
Shield Using Mul til ayered Media 
and Spherica l Ge ome try . 
ruc l e ar Engineering 
KLIEGER, DOUGLAS MYLES 
Social Des ir ab i lity Ra tings in 
Ch ildren . 
Psychology 
KNOECK, JOHN WILLIAN 
The De t ermina tion of Manganese 
Us ing Manganese (III) . 
Chemistry 
KNOX, FRANCIS S . III 
Eff ec t of Re l ax in, Es tr ad iol 
Benzoate and Proges t erone on 
Lac t a tion in the Ra t. 
Zoo logy and Entomology 
KOCH, JAMES ALLAN 
Comparison of Tr ac t or Tipping 
Behav i or with Res pons e Predicted 
by a Ma t hematica l Model . 
Agricultur al Engineering 
KONAKA , TOSH IO 
A Similitud e Study of t he Slip -
Sinkage Phenomenon of Gr ousered 
Pla t es . 
Agricultur a l Engineering 
KOPECKY, KE NNETH EDWARD 
Eva luation of the I ntr avenous 
Tub erculin Tes t in Cattl e . 
Ve t erinary Mi c r ob i ology 
KOPETZ, HEI RICH 
On th e Application of Operations 
Resear ch Techniques i n Agricul -
tural Economi cs . 
Econom i cs and Sociology 
KOSSE , ALAN DAV ID 
Or gani c Carbon/Organic Phosphorus 
Ra tios and Na tural Drainage 
Class in Soils . 
Agronomy 
KOVAR, ERLECE P/\REE ' 
The Pe trogr aphy of Some Lime -
s tones fr om Sou th ern Iowa and 
Southeas t e rn Neb r aska . 
Ea rt h Sc i ence 
KOVAR , LA\vRE~CE EMIL 
The Stability Cons tants of Rare 
Earths and Some Weak Carboxylic 
Acids . 
Chemistry 
KR&\S, ALLE:\ HENRY 
Ac i d Mod i f i ca tion of Whea t Flour 
i n a Fluidized Bed Reac t or. 
Chem i cal Eng inee ring . 
KRL!SKOP, LEROY U .. \'1RE:\CE 
Competenc i es i n Farm Management 
:\eeded by Vocational Ag ricul t ur e 
Inst r uctors . 
Educa tion 
KUHLE !EIER, KEITH VERNON 
The Ef f ec t of Grow th Hormone on 
Fat Me t abolism in Rum inants . 
An i mal Sc i ence 
KUIPER, GLENDON WAYNE 
Ex traction of Sugar from Bee ts 
in Count er current Equipment . 
Chem i cal Engineering 
K NESH , JERRY P . 
P l asma, Int e rstitial , and To t al 
Body Wa t e r of P i gs from Birth 
Th rough Six Wee ks of Age with 
and withou t Iron . 
Ve t e rinary Physiology 
KUTLER, PAUL 
Determ i nation of t he Flow Fie ld 
Abou t a Mass i ve Blowi ng , Inv is c id, 
Two -Dimens i onal Cyl inde r Using 
the Me t hod of I ntegr al Re l a tions . 
Ae rospac e Eng ineering 
LAKSO , GORDON EVERETT 
P l as tic Deformation Be hav ior in 
I ron - Silicon Alloys . 
le t allurgy 
LAflBERT, GEORGE 
The Ro l e of a Bov ine Viral Di -
arrh ea Virus in a Neonatal 
Calf En t eritis . 
Veterinary Bac t eriology 
LARSO , LOWELL VERNO 
Associa tion of Vorticella and 
Epi s tyli s (C ili a ta : Peri trich id a ) 
with Mosqu ito Larvae . 
Zoology and Entomology 
LARSON , NANCY REYNOLDS 
Contributions of Wi ves to Family 
Econom i c Development Th r ough 
Employment f or Pay and Vo lunt a r y 
Communit y Part i c ip a tion . 
Home Manag eme nt 
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LASSAHN, PAMELA L. 
A Comparison of Editorial Judg -
ments of Five Groups in an 
Agricultural Science Informa -
tion System. 
Technical Journalism 
LATWESEN, GARY LEE 
The Separation of Tin from o ther 
Elements by Reversed -Phase 
Chromatography. 
Chemis try 
LEAHY, WILLIAM RICK 
A Comparison of Monocular and 
Binocular Fragmenting Images . 
Psychology 
LE BLANC, ADRIAN DAVID 
Movement of Radionuclides 
Th rough Soil . 
Civil Enginee ring 
LEE, BONG KYU 
Transient Temperature Distribu -
tions in a Cyl indrical Super -
heating Fuel Element . 
Nuc l ear Engineering 
LEE, JEAN HANSON 
Financial Pr actices and Concerns 
of Iowa Junior High School 
Pupils . 
Home Economics Education 
LEYES, JOHN MICHAEL 
The Incidence of Iowa ' s Con -
sumption Taxes; Ret r ospect and 
Prospect . 
Economics and Sociology 
LINGREN, TEDD . 
The Influence of Predisposi -
tional Factors upon Content 
Diffusion of Information. 
LISTER, ROBERT EUGENE 
Evaluation of Services Per -
formed by Iowa High School 
Counselors. 
Education 
LIVEZEY, WILBERTA MAE 
Pr eferences of Hungry and 
Satiated Cats for Visual 
Patterns . 
Psychology 
LOBELL, DAVID 
Root Initiation and Development 
in Melilo tus and Medicago . 
Botany and Plant Pathology 
LOEWEN, WILLIAM 
Kinet i c Studies of Olefinic 
Complexes of Cyclopentadienyl -
manganesetricarbonyl . 
Chemistry 
LORINE, DAVID J . 
Reduction of r iobium Pentachlor -
id e with Niobium .t-1e tal in a Gas 
Ch roma tograph . 
Chemical Engineering 
LUCAS, EDI.JIN LURTIS 
Predicting Lumber Grade Yields 
from Yellow -Poplar (Liriodendron 
Tulipfers L. ) Tr ees 
Forestry 
LUCAS, ERL\!EST WILLIAM 
The Effect of Dietary Protein 
Level on the Reproduc tive Per -
formance of Sows. 
Animal Science 
LUCEY ,DENIS IG ATIUS 
Demand Projections for the Ex -
por t Manufacturing Industries 
of Northern Iowa . 
Economics and Sociology 
LU~D, OSCAR MARI S 
Economic Growth in Missouri 
River Basin 1etropolitan Centers . 
Economics and Sociology 
NC CABE, BERNARD OLIVER 
The Objec tives of th e Manager and 
Boar d of Directors of Local 
Cooperatives and The ir I mpact on 
The Behavior of the Firm . 
Econom ics and Sociology 
MC CORNICK , THOMAS K. 
Educational Changes in Behavior 
of 4 - H Members Participating in 
the 1966 State 4 -H Hea lth Camp . 
Educa tion 
MC FARLAND, ROLLAND 1.JESLEY, JR . 
The Use of Elec tronic Data Pro -
cessing in Urban Planning . 
Ci vil Engineering 
MC KIBBEN , JOHN SCOTT 
A Comparative Morphologic Study 
of the Cardiac Innervation of 
Domes tic Animals. 
Ve t e rinary Ana tomy 
!C KIBBEN , MARTHA MAE 
Instructions for Pattern Draft ing 
Suitable for Use 1.Jhen Commercial 
Patterns are not Ava ilable. 
Textiles and Clothing 
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MC MILLAN, JOAN BRADFORD 
Interaction of Dietary Protein 
with Graded Amounts of Vitamin 
A or Carotene in Rats. 
Foods and Nutrition 
MC NEIL, MICHAEL JOHN 
Root and Foliage Growth of Oats 
at Several Levels of Fertility 
and Moisture. 
Agronomy 
MC PREE, MECHTILDE 
Content Analysis of Verbal 
Productions of College Women. 
Child Development 
MC WILLIAMS, ALICE A. 
The Differentiation of the Lens 
Cells of the Scallop, Aeguipecten 
irradians irradians Lamarck. 
Zoology and Entomology 
MADSEN, FRED MICHAEL 
Effect of Fat Content in Cheese 
on Consumer Preference. 
Dairy Food and Industry 
MAILLIE, FRANCIS H. 
Coupled Vibrational and Chemical 
Relaxation Behind a Shock in a 
Diatomic Gas of Anharmonic 
Oscillators. 
Aerospace Engineering 
MALIK, ASHOK CHUCK 
Classification of Propionibac-
terium species. 
~and Food Industry 
MALLO , GARY LYNN 
Some Histological and Histo-
Chemical Aspects of the Canine 
Ovary, Oviduct and Uterus 
Following the Administration 
of Diethylstilbestrol for 
Pregnancy Termination. 
Veterinary Obstetrics 
MANEEPHONG, CHAIRERG 
Induction of Aneuploids in 
Hexaploid Oat, Avena sativa_L. 
Through X-Irradiation-.~~-
Genetics 
MARINOV, URIA 
Cyclic Changes of the Bovine 
Endometrium and Cervical Mucosa. 
Veterinary Clinical Sciences 
MARTINSEN, WILLIAM EDWARD 
Electrical Resistivity and Struc-
ture of Glasses in the xK20.(l-x) Na20.4Si0 2 System. Ceramic Engineering 
MAX, GEORGE ARTHUR 
Solvolytic Reactions of Substi-
tuted Cinnamic Acids. 
Chemistry 
MENDENHALL, RALPH LA VERN 
Carbonate Distribution in 
Harpster Soil Profiles. 
Agronomy 
MENGELING, WILLIAM LLOYD 
Evaluation of the Fluorescent 
Antibody Technique for the 
Diagnosis of Hog Cholera. 
Veterinary Bacteriology 
MERIDETH, KENNETH CHARLES 
Degradation of Filter Aids. 
Civil Engineering 
MICKELOPOULOS, VASILIOS ZAFIRIS 
Optimization and Testing of a 
Counting Rate Circuit for Nuclear 
Reactor Noise Measurements. 
Nuclear Engineering 
MIDDLETON, DIANE GAIL 
Factors Predicting Scholastic 
Achievement in Eagle Grove 
Junior College. 
Education 
MIKESELL, JAMES JAY 
The Structure and Distribution 
of Iowa Non-corporate Real 
Property Assessments. 
Economics and Sociology 
MIKKELSEN, MORRIS E. 
Academic Achievement and Univer-
sity Misconduct. 
Education 
MILLIKEN, IRENE 
Personal Orientation as a Func-
tion of Short-Term Counseling. 
Psychology 
MISCHE, ERIC FRANK 
Effect of Lindane on the Activated 
Sludge Process. 
Civil Engineering 
MISKELLA,ANN ELIZABETH 
The Role of Sensory Modality 
Preference in Learning Efficiency. 
Child Development. 
MISKUS, NANCY ANN 
The Influence of an Additional 
Color on the Effects of a Direct 
Mail Advertising Piece. 
Technical Journalism 
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MONTAG, RICHARD EDWARD 
Behavior of a Reinforced Concre t e 
Continuous Beam Containing Steel 
Wire Segments. 
Civil Engineer ing 
MOODY, NEAL WEAVER 
Investigation of Management 
Techniques to Improve Reproduc -
tive Efficiency in Swine. 
Animal Science 
MOORE, ROBERT PAUL 
Effect of Aeration and Incuba-
tion Temperature on Acid Produc-
tion by Bacillus coagulans. 
Bacteriology 
MORTVEDT, MARJORY MARVIN 
Resource Variables Associated 
with the Housing Situations of 
Welfare Recipient Families. 
Home Management 
MOSER, JAMES STUART 
Shielding Properties of the 
UPb 3 Intermetallic Compound. Nuclear Engineering 
MRAZ, ROGER EDWARD 
Conservation of Substance: A 
Function of Mental Age. 
Psychology 
MUELLER, CHARLES WILLIAM 
Causal Inferences in Survey 
Research: A Discussion and 
Empirical Example. 
Economics and Sociology 
MULLIN, WILLIAM ALEXANDER III 
Hydraulic Model Study of Approach 
Channel and Gage Site on Steer 
Creek . 
Agricultural Engineering 
MUNNELL, JOHN F. 
Changes Occurring with Age in 
the Canine Myocardium 
Veterinary Anatomy 
MURPHY, JUDITH MACLEOD 
Selected Correlates of the Stig -
ma Attached to and Knowledge of 
Mental Illness Among the Public. 
Economics and Sociology 
MURRAY, PRISCILLA JEANE 
Mother -Child Agrement on Dis -
ciplinary Situations and Methods . 
Child Development 
MUSSELMAN, ROBERT CARL 
Effects of Light and Moisture on 
Red Oak Seedlings. 
Forestry 
NAIR, SANTHA G. 
Contributions of Mothers to 
Family Economi c Development 
Through Household Production. 
Home Management 
NEASHAM, JOHN WEST 
The Stratigraphy of the Willwood 
Formation in the Vicinity of 
Sheep Mountain, Southwestern Big 
Horn County, Wyoming . 
Geology 
NE LSON, ANN MCDONALD 
Calculations of Decay Curves 
from Mass Distributions. 
Physics 
NELSON, MARY ELLEN 
Development of a Pretest for an 
Elementary College Course in 
Household Equipment. 
Home Economics Education 
NYSTROM, GAIL H. 
Temperature Properties of Bicore 
Thin Magnetic Films. 
Electrical Engineering 
O'KEEFE, GARRETT JAMES, JR. 
The Relationship Between Family 
Conununication Patterns and Vol -
untary Exposure to Discrepant 
Information. 
Technical Journalism 
OLIN, JAMES RALPH 
Numer ical Investigat ion of 
Sequential Weight-Function Tests . 
Statistics 
OLSON, LARRY LEE 
Polytlectolyte Coatings for 
Diatomite. 
Civil Engineering 
OMVIG, CLAYTON P. 
Predicting Ach i evement in Selected 
Industrial Education Courses at 
Ft. Mad ison Senior High School. 
Education 
OPSAHL, ARTHUR WILLIAM 
Thermal Conductivity of Starch 
Chemical Engineering 
PAPAGEORGIOU, EFSTATHIOS 
An Econometric Study of Argentina. 
Economics and Sociology 
PAPAMICHALOPOULOS, GEORGE 
A Study of Design Requirements 
for Buried Cas t Iron Soil Pipe. 
Civil Eng ineer ing 
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PATNODE, SHIRLEY C. 
Pigmentation of Serratia 
marcescens Strain \VF . 
Biochemistry 
PATRI CK, NEIL ARCH 
An Analysis of Time Restraint s 
For Farm Planning 
Economics and Sociology 
PEDE RSEN, MARILY I HENDERSON 
Identification of Ch ild Dev elop-
ment Concepts of Junior Hi gh 
School Girls. 
Home Economi cs Education 
PEGLAR, MARIAN 
Effects of Perception of Reward 
on Attitude Change 
Psychology 
PENBERTHY, DORIS KAY 
Situation-specific Re spons e s 
as a De terminer of Retest 
Re liability. 
Psychology 
PETERS, RICHARD ARLAN 
Fluidized Bed Ozoni zer 
Chemical Engineering 
PEURA, ROBERT ALLAN 
Electrokinetic Flowmeter 
Electrical Engineering 
PIERCE, CHARLES ALLEN 
Interview Preference s of Authori -
tarian and Non - authoritarian 
Groups . 
Psychology 
POPE, VIRGINIA ELAINE 
An Instrument to Measure Atti -
tudes Toward Home Production as 
a Source of Family Clothing . 
Te xtiles and Cloth ing 
PREVENDER, THOMAS STEPHEN 
AC Susceptibility of Lanthanum 
Rare Ear th Alloys. 
Physics 
PRICE, SHARON J. 
A measur ement of Empathy in a 
Dating Situation. 
Economics and Sociology 
RAGHUV EER, KAYLAN G. 
Fatty Acid Composi tion and the 
Flavor of Au toxid i zed Butteroil 
and the Ef fect of Glyderide 
Structure on the Rate of Au to-
oxidation of Fats. 
Food Technology 
RATH, PAUL HERBERT 
Treatment of Lives tock Lagoon 
Effluent During Soil Percolation. 
Agricultural Engineering 
REILLY ANTHONY JOSEPH 
A Comp arison of Four .Rating 
Sources by the Mu~ titrait-Multi ­
Me thod Matrix . 
Psychology 
RESSLER, HAROLD KAY 
The Generalized Inverse Relation-
ship t o Pattern Recognition 
Electrical Engineering 
RIDER, THOMSA JOHN 
Kinetics of the Ox idation of 
Thulium by Oxygen and Wat e r Vapor. 
Chemistry 
RIEDEL, ERNEST FREDERIC 
The Crystal Structure of Ni (P03 CfiH9~5(Cl04 )2 . 
Cfiemistry 
RIDIHALGH, JOHN LOU 
Elec tron Scattering Cross Section 
of Uranium Tetrafloride Gas. 
Nuclear Engineering 
RING, STANLEY LEWIS 
The Shopping Center as a Traffic 
Generator. 
Civ il Engineering 
RIOUX , FRANK JOSEPH III 
Thermal and Magnetic Studies of 
Li gand Field Leve ls in Cesium 
Copper Chloride CsCuC13 . Chemis try 
RISSER, VILAS VERNON 
A Narrow -b and Band-pass Microwave 
Filter Using Trapped -mode Resonant 
Cavities 
Civil Engineering 
ROBSON, RICHARD MORR IS 
Post -Mortem Changes in Nucleoside 
Triphosphatase Ac tivity of Bovine 
and Rabbit Myosin B. 
Biochemistry 
RODRIGUEZ, JUAN EDUARDO 
The Effe c t of Urea Feeding Level 
on Ration Palatability and Milk 
Produc tion in Dairy Cattle. 
An i mal Science 
ROGERS, DONALD NEWTON 
Numerical Analysis of Flow Through 
a Hel ically Coiled Tube. 
Chemical Engineering 
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ROGERS, KEITH DAl'HEL 
Capital as an Element of GrO\vth 
in Farm Firms . 
Econom i cs and Soc io logy 
1\0LLSTIN, LARRY ROLLAND 
The Complete Body Probl em with 
Improvemen t in Son i c Point Con -
vergenc e . 
Aerospace Eng ineering 
ROLSTON, DENNIS EUGENE 
Mis c ibl e Displacement of Gases 
Th rough Soil Columns. 
Physics 
ROMAN , MARYLIN JEAl'l 
Con·cep t s of Early Parenthood 
Held by Senior Pupils in Iowa 
Hi gh Schools . 
Home Econom ics Education 
ROSENBUSCH, RICHARDO FRAKC IS CO 
u tritiona l and Immunolog ical 
Evaluation of Commercial Animal 
Pro t e in Produc ts. 
Veterinary Bac teriol ogy 
ROSKOPF , ROBERT FRANK 
Spl it Tr ea tmen t Softening th e 
Ames Wa t e r Treatmen t Plant . 
Ci vil Enginee ring 
ROSSANO, FRANCIS V. 
Model Analys is of t he Pa t hfind e r 
Boiling Wa t e r Reactor. 
Neuclear Engineering 
ROST, DUANE FOSTER 
Model Studi es of Trans hori zon 
Radio Wave Propagation Phenome -
non . 
El ec trical Engineering 
ROST, Knt JOH NSON 
Academ ic Achievement in Isola t ion 
of Brain - Injured and Hyperac tive 
Child r en 
Psychology 
RUEBLI NG, CHARLES E . 
Prediction of Ach i evement in 
Calculus for Freshm an Eng inee rs 
and Science Students . 
Educa tion 
RULE, ROBERT LOREN 
Determination of Class Field 
Number. 
Ma thematics 
SABRI, NEDHAT NAHMOD 
Symbolic Adop tion of a New In -
novation. 
Economics and Sociology 
SANDLER , BRUCE ERIC 
Acquisition of a Jumping Avoid -
ance Re sponse in th e Syrian 
Hamster . 
Psychology 
SANDE RS, DANA ROY 
Struc ture of Slope Fore sts Along 
the De s Moine s River in Ce ntral 
Iowa Prior to Impoundment . 
Anal ysis of Electrical Re sis -
tivity Me asurements of Shallow 
Deposits. 
Botany and Plant Pathology 
SAl'lKARANARAYANAN , RAJ.ANNAL 
Stud ies on a Trichomonas from 
the Nasal Cavity of Swine. 
Zoology and En tomology 
SATE R, CLAIR WILLIAM 
Eff ects of Space Collisions on 
Orbital Motion and Body Dynamics. 
Ae r ospace Eng ineering 
SATTERLEE , LOWELL DUGGL\.t\J 
A Procedur e for the Gas Chroma -
tographic Ana l ys is of Fre e Amino 
Ac i ds in Mea ts . 
Biochemist r y 
SAVANI, NUKUNDRAI ZAVERDAS 
Pur i fication of Monogl ycerides 
by Liquid -Liquid Ex traction. 
Chem i cal Eng ineering 
SCHAFER, ROBERT BLAI NE 
Justice in Soc i a l Exhange; An 
Analysis of Inves tment s and 
Rewards in a Norma tive Or ganiza -
tion . 
Economics and Sociology 
SCHIFF, ADRIANNE BENDICH 
Resp ir a tory Function of Hemog lobin 
in Invertebrates . 
Zoology and En tomology 
SCHMIDT, RICHARD LUDWIG 
Electro transpor t and Di ffusion 
Pr operti es of some Solutes in 
Mo lten German ium . 
Ne t a llurgy 
SCHMITT , MARTHA SUDHOLT 
Some Analytical Appl i cations of 
Es t e r s of Phosphoro t hio i c and 
Phosphorodithioic Acids . 
Chemis try 
SCHOLLE, WILLIAM ALLEN 
Dynamic Mass Transf er Measu r e -
ments in Falling Drops. 
Chem i ca l Engineering 
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SCRIBBINS, ELAINE JESSEN 
Relationship Problems Experi-
enced in the Home by Iowa 
Junior High School Pupils. 
Home Economics Education. 
SEIGLER, CLAUDE IRBY 
Engineering Drafting Needs as 
Indicated by Selected Iowa 
Industries and Eng ineering Finns. 
Education 
SE VY , CARLA 
Original Design of Family Rooms 
Related to the Needs and Pre-
ferences of Some Family Gr oups . 
Applied Art 
SHAH, ASHOK SHANTILAL 
Ion-Exchange Separation of 
Copper, Cobalt and Ni ckel 
Chemi cal Engineering 
SHARMA, RADHEY MOHAN 
Salmonella Infec tions I. Inci-
dence in Wild Animals II. Evalua -
tion of Cul tur e Media for 
Isolation from Feces. 
Ve terinary Microbiology 
SHOWMAN, HOMER NARB ER 
The Hand County Economy . 
Economics and Sociology 
SIEFERT, ELMER EDWIN 
Reaction Kinetics of Iron 
Carbonyls with Phosphorus 
Ligands. 
Chemistry 
SILVERMAN, ALAN 
Anhydrous Adsorption of Sulfur 
Dioxi de by Corn Starch. 
Chemi cal Engineering 
SIMMONS, ELSIE RUTH 
Rela tion of Moisture and Temper-
ature to Infection of She ll 
Eggs by Salmonellae. 
Dairy and Food Industry 
SIMMONS, MICHAEL FRED 
Correlation of Thennodynamic 
Data with Binary Eutec tic -
Type Phase Diagrams . 
Metallurgy 
SIMMONS, RAMONA LEE 
Diet Utili za tion and Pathogen 
Susceptibility of Three Geo-
graphical Populations of the 
European Co rn Borer, Os trini a 
nubilalis (Hubner), in Labora-
tory Tests. 
Zoology and Entomology 
SINCOVEC, RICHARD FRANK 
Prec ise Eigenvector Basis for a 
Symmetric Matrix . 
Mathematics 
SINGH, NAI DALEEP 
Morphological and Physiological 
Var i a tions within Heterodera 
trifolii. 
Botany and Plant Pathology 
SLEEGE, GARY A. 
Measurement of the Thennal 
Neutron Spectrum from a Neutron 
Choppe r. 
Electr ic al Engineering 
SLOAN, SUE KATHERINE 
Identification of Clus t ers of 
Items Re l at ing to Personal and 
Home Life Values of Men. 
Home Economi cs Educat ion 
SLOVAK , JOSEPH FRANK 
Precipitation of Some Nickel 
(II) -v i c - Diox imes from Homo -
geneous Solution. 
Chemi stry 
SMITH, GERTRUDE COOKINHAM 
Young Homemakers' Diffculties 
and Sour ces of Infonnation in 
Home Economi cs . 
Home Ec onomics Educa tion 
SMITH , MARY ANN 
Attribute Sampling from Finite 
Lots with Binomial Priors 
Statistics 
SMITH , MARY MARLA 
Evaluation of the Optimum Ratio 
of Fish to Corn Protein for 
Growth, Hepatic Protein, and 
An tibody Fonna tion in the Ra t. 
Foods and Nutrition 
SNYDER, GLEN MELVI N 
Use of the Ou t doo rs in Teaching 
Hi gh School Biology in Iowa. 
Zoology and Entomology 
SOUDER, WALLACE WILLIAM 
Elimina tion of the Second Com -
ponent of the Lifetime in 
Positron Annihilation. 
Physics 
SOUTHARD, DORA ANITA 
Cross-Modal Discrimination of 
Geome tri c Fonns by Young Ch ildren. 
Ch ild Development 
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SPIKE, PETER WILLIAM 
Environmental influences on 
Monthly Yields of Milk Con -
sti tuents . 
Animal Science 
STRIPLUNG, NIHNUAL 
Design and Estimation for a 
Survey of Use of Soil Insecti-
cides on Iowa Farms and Insecti-
cide Residues in Milk . 
Statistics 
SRINILTA, RUANGURAI 
Reasons for Participation in 
Women and Youth Groups in Two 
Development Areas of Thailand . 
Home Economics Education 
STANLEY, VICTOR GEORGE 
A High -Protein Alfalfa Leaf 
Meal for Poultry Diets. 
Animal Science 
STANSBERRY, KENT GARDNER 
Polyadics and Physical Com -
ponents of Tensors. 
Mathematics 
STARK, RONALD EUGENE 
Electron Induced Fragmentation 
of Selected Oxiranes and Olefins . 
Chemis try 
STEGER, JOSEPH LEO 
The Solution of th e Laminar 
Boundary Layer Equations by an 
Integral Technique Employing 
Particular Correlation Func-
tions. 
Ae rospace Engineering 
STONE, RANDOLPH 
The Geometry and Origin of the 
Oolitic Sandstone Bodies of the 
Sundance Formation in the Big -
horn Basin, Wyoming. 
Geology 
STOVER, RONALD DEAN 
Mutual Diffusion in the Liquid -
Tin-Bismuth System. 
Chemic al Engineering 
STRAIN, ROBERT VAN 
Preparation of Uranium Me tal 
by Carbon Red uction of Uran ium 
Dioxide . 
Metallurgy 
SULLIVAN, MARY KATHLEEN 
Comparison of Specified Proper-
ties of Cold Water Detergents 
with Those Des i gned for Use in 
Hot Wa t er: Soil Removal and 
Fabric Deterioration. 
Household Equipment 
SUNDLING, BETTY JEANE 
Development of a Progrannned 
Unit in Electricity for an 
Introductory Class in Household 
Equipment a t the College Level. 
Household Equipment 
SURAKUL, SOHHAI 
Opin i ons of Present and Former 
4 - H Members Regard ing the Educa-
tional Va lue of Selected 4 -H 
Activities and Events . 
Education 
SVOBODA , WAYNE NEIL 
Recovery of Tantalum from the 
Reaction Products of Tantalum 
Pentachloride with Calcium 
Oxide and wi th Calcium Fluoride 
Us ing Phosgene. 
Chemical Engineering 
SWAI N, DENNIS PAUL 
Use of Free Steamline Theory in 
Analysis of Laminar Boundary 
Layers . 
Engineering Mechanics 
SWANSON, AUDREY ANN 
Exper i ences wi th Clo thing of 
Iowa Girls in Grades Eight 
Th rough Twelve. 
Home Econom i cs Education 
SWENSON, JERROLD LEROY 
Occup taional Survey of Storm Lake, 
Iowa with Implications for 
Vocational Educa tion. 
Education 
TABATABAI, LOUISA 
Thermos tability of DNA from 
Vege tative Cells and Endospores 
of Baci llus stearothermophilus. 
Food Technology 
TANNEHILL, JOHN CHARLES 
A Compar ison of Methods for Pre-
d i ct ing Performance of Low-
thrust Rocke t Nozzles . 
Aerospace Engineering 
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TE KIPPE , RUDY JOSEPH 
Model Studies of a Peripheral 
Feed Settling Tank 
Civ i l Engineering 
THORP , SYLVIA LEE 
Response of Selected Hepatic 
Enzymes t o Variations of Fat 
Intake during Realimen tation 
in Ra t s . 
Foods and Nu trition 
THROCKMORTON , ADEL MARQUETTE 
Job Placement Ac tivi t y in t he 
Public Schools of Iowa . 
Education 
TIYA\'11\LEE, DUNRONG 
Mass Se l ection for Crown Rust 
Res i s t ance in Oa t Populations . 
Agronomy 
TOSDALE , JACK PAUL 
Refractor y Metal - Carbid e Systems . 
Metallurgy 
TRAMP , BARBARA ,-\i\Ji'\ 
Consis t ency in Color Preference 
of Kind e r gart en Children . 
Ch il d Develo pment 
TRAUGER, DAVID LEE 
Habitat Fac t or s Influ ncing 
Duck Brood Use of Semi - permanent 
and Permanent Prairie Pothol es 
in North Dakota . 
Zoology and En tomol ogy 
TRAYNHAM , JANICE CALVA 
Deve lopment of an Instrumen t t o 
Assess Quali t y o f Service in 
Res t au r an t s . 
Institut i on Managemen t 
TREADWELL, GEORGE EDI.JARD , JR . 
Ch romatogr~ph i c Methods : A 
St udy on th e Pho t olysis of 
Fl av ins. 
Biochemistry 
\IAi'\DER \.JILT, ROBERT BOND 
The Attitudes of Iowa Sta t e 
University Unde r gradua t e Stu -
dent s t oward Res id ence Facili -
ti es and Ex tr a - Curricu lar 
Activ iti es . 
Educa tion 
VANGELDER , GARY ARTHUR 
Effect of Gado linum Ox i de Ae ro-
sol on Pu l mon a r y Complianc e in 
Gu inea P i gs . 
Ve t erinary Phys i ology 
VAN l!OL'WELING , C. DONALD 
Cert ain Ch aracteristics of 
Infectious Bov ine Rh inotr ache itis 
Viru s : (I) Susceptibility of 
Goa ts (II ) Ant i genic Relation -
ship of Isolates (III) Int e rferon 
Production and Susceptibility. 
Ve t erinary Hygiene 
VERHILYEA , BARRY LY 0,"'1\ 
The Detection of Bo tulina l 
Tox i ns by Immunodiffus i on 
Food Technology 
VERN IL YEA, JE\vElL GORi'lAL\ 
Relat i ve Me rit of Two Co ll ege 
Cours es in Cloth ing Construction . 
Textiles and Clo thing 
\IERPLOEG, NARCENi\ CHRISTI AN 
Resou r ce Adequac y of Famil i es 
Re ceiv ing Ai d to Dependent 
Ch il dren . 
Home lanagement 
\'OS , ROBERT GLE i'\:\ 
Analysis of Cont inuous Multiple 
Folded Plate Systems by True 
Deflection Curves . 
Civ il Enginee r ing 
\vALSH' NARTIJ:i: \vALIER' J R. 
Pe rformanc e of Expe rimen tal 
Stab i li zed Soil Koad Bases, 
We bster County , Iowa . 
Civ il Eng i nee ring 
\.JARJ.~ER, JAIRUS CHARLE S 
Elec trot r anspo rt of Oxygen , 
Ni troge n and Carbon i n Vanad ium. 
Me tallurgy 
WEGNER, KERN IT Jl RGEN 
Va lu e s Comparison of Selec t ed 
Nale High Schoo l Adm ini s tr a t o r s, 
Counselo r s and Teache r s . 
Educa tion 
WHISLER , JOH i'\ CHARLES 
Stab i lity of Granular Base Cours e 
Materials Containing Bituminous 
Adm i xtur e s . 
Ci vil Engineering 
1.JHISTLER, MARY SUE WOLF 
Identification of Nutrition 
Concep t s of Junior Hi gh School 
Pup il s . 
Home Eco nomi cs Educa tion 
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WHITTINGTON, DEWITT PENDRY 
Construction and Validation of 
a Programed Instruction Unit 
in Journalistic Writing and 
Comparison with Conventional 
Teaching Me thods. 
Technical Journalism 
WIEDENHOFER, HERMAN 
The Estimation of Equipotent 
Concentrations in Replicated 
Single-Subject Bioassays. 
Statistics 
WILSO N, DAVID MICHAEL 
The Effect of Residual Stress 
and Stress Concentration Due 
To Longitudinal Welds on the 
Fatigue Behavior of Struc tural 
Members. 
Ci v il Engineering 
WILSON, GEORGE ALBERT 
Solutions of a System of Non-
linear Equations. 
Computer Science 
WORKMAN, DAVID ALLEN 
A Generating System for the 
Add itive Group of the Ring 
of Entomorphisms of an Abelian 
Group. 
Mathematics 
WORKMAN, HAROLD WILLIAM 
An Internal Venous Pressure 
Monitor. 
El ec trical Engineering 
WORKMAN, JEAN BOHLKEN 
Production of Rye in the North 
Central States from 1900 to 1960. 
History, Goverrunent and 
Philosophy 
WRIGHT, JOEL 
Limitations of the Concept 
Attitude with a Suggested 
Alternative. 
Economics and Sociology 
YARBROUGH, JAMES PAUL 
Effect of Predispositions upon 
Attention and Understanding in 
Corrnnunication of Scientific 
Information. 
Technical Journalism 
ZACHARIADIS, CHRISTOFER P. 
The Role of Scintillation in 
Stellar Interferometry. 
Physics 
ZELLER, MICHAEL JAMES 
Correlates of Various Answer 
Changing Practices on Multiple 
Choice Achievement Examinations. 
Psychology 
ZIMMERLI, DANA WAYNE 
An Electronic Counter for Popu-
lation and Size Distributions 
of Microscopic Particle Suspen-
sions. 
Electrical Engineering 
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Degree Doctor of Philosophy 
1966 - 1967 
The theses are listed in alphabetical order by names of authors. 
Each listing includes the name of the author, the title of the thesis, 
and the department. 
ABEGG, CARL FRANK 
Analysis of Crystal Size Distri-
butions When Growth Rate is 
Size Dependent. 
Chemical Engineering 
ABLIN, HENRY LOUIS 
Criteria for Degree of Observa-
bility in a Control System. 
Electrical Engineering 
ABNEY , THOMAS SCOTT 
Influence of Nutrition on Stalk 
Rot Development of Zea mays L. 
Botany and Plant Pathology 
ARNOLD, DAVID WALKER 
A Stu'dy of Diffusion in Binary 
Liquid Systems Using NMR Techni-
ques. 
Chemical Engineering 
ARNWINE, WILLIAM CARROL 
A Dynamic Transportation Sub-
system Analysis for Optimizing 
a Material Handling System with 
Multiple Transfers. 
Engineering Valuation 
ARP, LEON JOSEPH 
Development of a System for 
Respiratory Augmentation. 
Education 
ASSEED, MOHAMED SHABAN 
Horizontal Advance of Flooding 
Irrigation Water in Relation 
t o Infiltration Rate of Soil. 
Agronomy 
AYCOCK, MARVIN KENNETH 
Inbreeding Alfalfa, Medicago 
Sativa L., by Sib-Mating . 
Agronomy 
BAKER , ALLAN EUGENE 
Variance of the State Estimation 
Error of an Adaptive Kalman 
Filter. 
Electrical Engineering 
BARCUS, PAUL W. 
Models of Thermal Behavior of 
Radiative Surfaces. 
Technical Institute 
BARSHATKY, DAVID MORTON 
The Differential Capacity of the 
Electrical Double Layer at the 
Silver Iodide-Aqueous Solution 
Interface. 
Chemistry 
BAETZ, ALBERT LEWIS 
Compounds with Two Dissimilar 
Chelating Centers. 
Chemistry 
BEHMER, DAVID JOHN 
Length-Weight Relationships as 
a Measure of "Condition" of 
River Carpsuckers, Carpiodes 
carpio, in the Des Moines River. 
Zoology and Entomo logy 
BELIRAM, RAJKUMAR 
Disease Involvement in Non-
alliaceous Hosts by Pyrenochaeta 
terrestris. 
Botany and Plant Pathology 
BELIRAM, SHIELUN 
Cerospora on Three Polygonum 
Species Growing in Proximity to 
Beta vulgaris L. 
Botany and Plant Pathology 
BENDER, PHILLIP ROBERTSON 
Some Conditions for the Existence 
of Recurrent Solutions to Systems 
or Ordinary Differential Equations. 
Mathematics 
1 A circulating copy of each complete thesis is available in the Iowa 
State University Library, Ames, Iowa. Abstracts of these theses are 
published in Dissertation Abstracts, a microfilm or a photostat copy 
of the thesis may be purchased from Dissertation Microfilms, 313 N. 1st 
Ave., Ann Arbor, Michigan . 
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BEUTER, JOHN HERMAN 
Stumpage Appraisal Und er Al ter-
native Assumptions of Long Use : 
A Cas e Study in the Douglas-fir 
Subregion. 
Forestry 
BIRK, JAMES PETER 
Kine tics and Mechanisms of 
Reac tions of Cyanocobalt and 
Chromium Complexe s in Acidic 
Solution . 
Chemistry 
BOATES, THOMAS LESLIE 
Geometric Constraints in Elec-
tron Diffraction Analysis: 
Structure of Hycrocarbon 
Molecules. 
Chemistry 
BOESIGER, DWIGHT DAVID 
Kinetics of the Vapor Phase 
Chlorination of Niobium Oxytri-
chloride Using Carbonyl 
Chloride. 
Chemical Engineering 
BOHNING, DARYL EUGENE 
Six and Seven Pion Annihila -
tion Modes of 2 .7 BeV.c Anti-
protons on Protons. 
Physics 
BOLLMAN, STEPHAN RAY 
Relation of Se l ec ted Variab les 
to Parental Acceptance of Ch il-
dren . 
Economics and Sociology 
BRINDLEY, WILLIAM ARTHUR 
Site of Parathion Activation 
in American Cockroach Fat 
Body Homogenates. 
Zoology and Entomology 
BRITZ, GALEN CHARLES 
An Analysis of Heat Transfer in 
a Thermally Radiating Fluid. 
Chemical Engineering 
BUTT, GHULAM SAFDAR 
Soil Bearing Tests Using a 
Spherical Penetration Device. 
Civil Engineering 
CARNEY, EDWARD JOHN 
Computation of Variances and 
Covariances of Variance Compo-
nent Estimates. 
Statistics 
CATON, JOHN EDWI N 
Solubility Behavior of Some 
Copper (II)- and Nickel (II)-
vic -Diox imes. 
Chemistry 
CHAMBLISS, CARROLL WILSON 
Nucleation and Growth Kinetics 
in a Cooling Cr y stallizer. 
Chemical Eng ineering 
CHEN , CHARLES TEH - CHUAN 
Nois e in Th in Magnetic Film 
Pa~ame tric ~plifiers from 
78 K t o 300 K. 
Electrical Engineering 
CHO, CHING-CHAO 
Domain Wa ll Energy Densities of 
Ferromagnetic Films. 
Electrical Engineering 
CLYDE, DALE DEAN 
Hydrolysis Products of Rare 
Earth Silicides. 
Chemistry 
CONDOS, APOSTOLOS 
The Application of Microeconomic 
Models to Development Plannint:-
Peru. 
Economics and Sociology 
COOK, DAVID ALLAN 
Absorp tion and Metabolism of 
Long Chain Fatty Acids by Bovine 
Rumen Mucosa. 
Animal Science 
COSKRAN, KENNETH JAMES 
The Preparation of 2,6,7-Trioxa-
l,4-diphosphabicyclo(2.2.2) 
octane and the Study of Some 
Transition Metal Complexes of 
Trimethyl Phosphite. 
Chemistry 
CRADDOCK, WILLIAM JOHN 
The Effect of Grain Price on the 
Profitability of Lives tock Pro-
duction - An Economectic Simula-
tion. 
Economics and Sociology 
CRANNY, CHARLES JOSEPH 
Factor Analytically Derived 
Scales for the Strong Vocational 
Interest Blank. 
Psychology. 
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CRAWLEY, HENRY BERT 
Double Pion Production Without 
Annihilation to Antiproton-
Proton Interactions at 2.7 BeV/c . 
Physics 
DAHMER, LIONEL HERBERT 
Chromatographic Separation of 
Niobium, Tantalum, Molybdenum 
and Tungsten. 
Chemistry 
DALAL, KANAIYALAL CHANDULAL 
Cytogenetics of Synthetic 6x 
Amphiploids of Avena . 
Genetics 
DAVID, CHELLADURAI S. 
Gamma Globulin Allotypes in the 
Fowl. 
Animal Science 
DAVIS, LLOYD CRAIG 
Landau Spectrum and Line Broad-
2ning in Real Metals. 
Physics 
DAVISON, JOSEPH EDWARD 
A Measuremen t of the Heat Capa-
city of CAMG 2 and a Calculation 
of the Cohesive Energy of CAMG 2 . Metallurgy 
DE BARTHE, JERRY VERN 
Lactic Acid in the Bovine Rumen . 
Animal Science 
DECELLES, GEORGE ARTHUS, JR. 
Investigation of the Caseinate-
Phosphate-Calcium Complexes as 
they Exist Naturally in Milk. 
Food Technology 
DENNO, KAHLIL IBRAHIM 
Effects of the Induced Magnetic 
Field on the Inv iscid Magneto-
hydrodynamic Channel Flow. 
Electrical Engineering 
DEONIER, DICK LEE 
A Revision of the Nearctic 
Species of Hydrellia (Diptera: 
Ephydridae) 
Zoology and Entomology 
DI BONA, DONALD RALPH 
Bacteriophage Quaternary Struc-
ture Studied with Laser-Light 
Diffraction of Periodic Elec-
tron Microscopic Images. 
CELL BIOLOGY 
DOUGHERTY, THOMAS ANTHONY 
The Structure and Infrared 
Spectra of the Tetraphalobis 
(acetonitrile)niobium (IV) Com-
plexes. 
Chemistry 
DOYLE, JOE HOWARD 
Fatigue Softening of Copper and 
Copper-Aluminum Alloys. 
Metallurgy 
DRECKTRAH, HAROLD GENE 
Morphology and Histology of the 
Reproductive Systems of European 
Corn Borer, Ostrinia nubilalis 
(Hubner). 
Zoology and Entomo logy 
DYCK, GERALD WAYNE 
Ovarian Function Following Pitui-
tary Stalk-Section or Hypophy-
sectomy in the Pig. 
Animal Science 
ECKER, EDWIN DUAIN 
On the Embedding of a Centerless 
Group in its Automo rphism Group. 
Mathematics 
EDWARDS, WILLIAM MAXHAM 
Infiltration of Water into Soils 
as Influenced by Surface Condi -
tions. 
Agronomy 
ELLIS, CHARLES JENNINGS 
Biology of Microtetrameres 
sturnellae n. sp. (Nematoda 
Tetrameridae). 
Zoology and Entomo logy 
ELWELL, ADELA SKIPTON 
Biology of Anguispira alternata 
(Gastropoda: Endodontidae) with 
Special Reference to the Digenetic 
Trematode Postharmostomum helicis. 
Zoology and Entomology 
ERICKSON, HOWARD HUGH 
Continuous Measurement of Oxy-
hemoglobin Concentration by 
Ref l ection Oximetry and Its Use 
in Controll ing an Artificial 
Heart. 
Veterinary Physiology 
FEHR, WALTER RONALD . 
Methods for Evaluating Protein and 
Oil in Soybeans and Mass Selection 
by Seed Size and Specivid Gravity 
in Soybean Populations. 
Agronomy 
1 11 
DOCTORAL DISSERTATIO IS - 1966-67 
FEINSTEIN, ALLEN IRWIN 11 
The Incorporation of 4 C- Labeled 
~ ~enylethylamine Derivatives 
and H- Vittatine into Amaryl -
lidaceae Alkaloids. 
Chemistry 
FELDERMAN, ELMER JOHN 
Heat Transfer in th e Shock -
induced Unsteady Boundary 
Layer on a Flat Plate. 
Mechanical Eng ineering; 
Ae rospac e Eng inee ring 
FEhl , ALBERT BRAXTON 
The Occurre nce of Lipofuscin 
Pigment as Rela t ed to Ag ing 
in the Lumbar Spinal Co r d, 
Dorsal Root Gangl ia, and Para -
ve rt ebral Ganglia of the Dog 
and Pig. 
Ve terinary Anatomy 
FIELDS, JOHN FORREST 
Career Preparation, Asp irations, 
and Att itudes of Iowa School 
Adm inistrators. 
Educa tion 
FOGLEMAN , MAX EARL 
A Genetic and Histological 
Study of Blotchy Ripening in 
Segragating Generations of a 
Toma t o Cross . 
Horticulture 
FOX, NATHANIEL SILL 
Field Model Tests fo r the Pre -
dict ion of Foundation Settle -
ment . 
Civil Eng inee ring 
FREDRICKSON, LEIGH HARRY 
Some Aspects of Reproductive 
Behavior of American Coots 
(Fulica americana) . 
Zoology and Entomology 
GABBARD , KAREN LEE 
The Genetic Control of Purine 
Biosynthes is in Staphylococcus 
au reus. 
~iology 
GARDNER, NELSON CRAIG 
A Study of the Surface R ~actions 
of Hydrocarbons on Tungsten by 
Field Electron Em ission Mic r o -
scopy . 
Chemistry 
GEBERT, JAMES ROBERT 
Tests of Goodness of Fit Based 
on Discriminatory Information . 
Statistics 
GE~I~n DENNIS JOSEPH 
A Mo ssbauer Effec t Study of the 
Cr ystal Fi eld Potential in 
Interme tallic Compounds of 
Thu lium . 
Physics 
GHOSHAL, NAN I GOPAL 
A Comparative Mo rpholo gical 
Study of Somatic Inne rvation of 
th e Antebrachium and Manus, Crus 
and Pes of th e Domestic Animals 
(Bovidae , Ovidae, Capridae, 
Suidae, Equidae). 
Ve terinary Ana tomy 
GILLETTE , MARCIA LEHOCZKY 
Anion Exchange Behavior and Sepa-
rations of Me tal Ions in Dimethyl 
Sulfox ide-Me thyl Alcohol -
Hyd rochloric Acid Systems. 
Chemist r y 
GIRVAN , ROBERT FRANZ 
The Fermi Surface of Tungs ten. 
Physics 
GRAHAM, JAMES RICHARD 
Kinetic Studies of Some Group 
VI Me tal Carbony l Complexes . 
Chemist r y 
GRE NAN , LAURIE MURRAY 
Hyd roxyaz o Compounds as Reagen ts 
for Be ryllium. 
Chemis try 
GUENTHER, RAYMOND RUSSEL 
Endomorphic Compos ites in th e 
Tenso r Product. 
Ma th ematics 
HAAN, CHARLES THOMAS 
Hyd raulics of Wa t e rsheds Charac -
t e ri zed by Depressional Storage . 
Agricultural Enginee ring 
HAGAN , FAY 
Photogramme tric Measur ements 
on Live St ee rs for Pred icting 
Carcass Characteristics. 
Animal Science 
HALL , IRVING JAMES 
Contributions to th e Theo r y of 
Symme tri c !ul tip le Decisions. 
Statis ti cs 
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HALL, JERRY LEE 
Heat Transfer and Boundar y -layer 
Transition in Shock-Tube Flows 
with Shock Induced Exothenni c 
Reactions. 
Mechanical Engineering; 
Ae rospace Engineering 
HAM. GEORGE ELDON 
Serogroups of Rhizobium japoni-
cum in Soybe an Nodu l es Under 
Various Soil Conditions. 
Agronomy 
HANKINSON, RISDON WILLIAM 
Vapor Phase Nitration of Butane 
in a Molten Salt Reactor: 
Process and Economic Optimi za-
tion. 
Chemical Engineering 
HANSEN, PETER JACOB 
The Crystal Structure Detennin-
ation of rr-C5H5Fe(C0) 2Mn(C0) 5 . 
Chemistry 
HAROLDSEN, EDWIN OLIVER 
The Relationship Between Attach -
ment to a Voluntary Organiza-
tion and Confonning Behavior. 
Economics and Sociology 
HARRELL, ROBERT LEE, JR. 
Some Comparisons of Linear and 
Branched-chain Organopoly-
silanes. 
Chemistry 
HAYNES, JAMES DURWARD 
Developmental Morphology and 
Ecological Distribution of 
Anthostoma gastrinum (Fr.) Sacc . 
Botany and Plant Pathology 
HELMS, THOMAS JOSEPH 
Postembryonic Development of 
Reproductive Systems in Empoasca 
fabae (Harris) (Homoptera, 
Cicadellidae). 
Zoology and Entomology 
HENDRICKSON, RICHARD ALLAN 
Cross-spectral Density Measure -
ments in a Coupled-core Reactor. 
Nuclear Engineering 
HERMANSON, RONALD ELDON 
Activated-Sludge Stabilization 
of Swine Waste. 
Civil Engineering 
HICKMAN, ROY DON 
Fann Busine ss Rec ord and 
Analysis Systems of Iowa Farm 
Operators . 
Education 
HIGGS, ROGER LEE 
Heritable Var iation of Quanta-
tive Charac t ers Among and With in 
Seed Sources of Maize Inbred 
Lines. 
Agronomy 
HILLBERRY, BENNY MAX 
Fatigue of 2024 - Te Aluminum 
Alloy Due to Broad -Band and 
Narrow-band Random Loading . 
Mechanical Engineering; 
Electr i cal Engineering 
HOLLAND, DAVID 
Adolescent Famili zation, Sociali -
zation, Situational Structure , 
and High School Age Marriage. 
Economics and Sociology 
HOOKS, ROBERT DAVE 
Effect of Raw Soybeans upon 
Pancreatic Function and Per-
fonnance of Pigs. 
Animal Science 
HORTON, RICHARD EVERS 
Us e of Continuous Measurements 
in a Discrete Kalman Filter . 
Electrical Eng ineering 
HOWARD, JAMES R. 
The Effects of Lightning and 
Simulated Lightning on Tissues 
of Animals. 
Veternary Pathology 
HOWELL, DONALD BRUCE 
A Program of Pre-service Educ a-
tion for Junior High School 
Teachers in Six Midwestern 
States. 
Education 
HSIUNG , KOU-YING 
Prediction of Perfonnance of 
Granular Filters for Water 
Treatment. 
Civil Engineering 
HUITINK, GERALDINE MARIE 
Substituted Coumarins as Metalo-
fluorochromic Indicators. 
Chemistry 
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HUNT, LEE PHILIP 
Neutron Ac tivation Analysis of 
Trace Rare Earths in Holmium 
Oxide 
Chemistry 
HUNTSMAN, GENE RAYMOND 
Biochemical Taxonomy of Cato-
stomidae and Hybridization of 
Carpiodes Species. 
Zoology and Entomology 
HUNTSMAN, SUSAN DE ROPP 
The Stalk Polysaccharide of the 
Diatom Gomphonema olivaceum. 
Botany and Plant Pathology 
INGRAM, JOHN A. 
Factors Affecting the Success 
of Transfer Students at Drake 
University. 
Education 
IRUDAYANATHAN, A. 
Near Topology and Nearly Con-
tinuous Functions. 
Mathematics 
JEWETT, GARY LEW 
Recoil Chemistry of Carbon-II 
in c5 Hydrocarbons, Fragmenta-tion and Stabilization . 
Chemistry 
JINAHYOT\l,SUJIN 
Evaluation of Recurrent Selec -
tion for Stalk-Rot Resistance 
in Maize and the As ~ociated 
Changes in other Agronomic 
Characters. 
Agronomy 
JOHN, MELATHATHIL JOHANAN 
Social Psychological Variabl es 
Related to th e Role Performance 
of Gram Sevaks. 
Economics and Sociology 
JOHNSON, BARRY LEE 
Dynamic Sensitivity and Lyapunov 
Stability Analysis of the Human 
Resp iratory Control System. 
Elec trical Engineering 
JOHNSON, CLAUDE DERRELL 
Simply Supported Non-Prismatic 
Folded Plates. 
Civil Engineering 
JOHNSON, DAVID LEE 
Specific Heat of Fe e ang 
Lanthanum from 1.0-10.0 
Physics 
D-Hep 
K. 
JONES, ARTHUR LOWELL 
Elec trical Resistivity of Carbon 
Granules in a Fluidized Bed. 
Mechan ical Engineering ; 
Chemical Engineering 
JOSHI, SUJANKUMAR N. 
Variability in Quantitative 
Characters of Oats (Avena sativa) 
Induced by Recurrent Mutagenesis. 
Agronomy 
JUDD, FLOYD LEYMEN 
n + Deuterium Interactions at 
Pion Momentum 6 BeV/c. 
Education 
KAMAT, DATTATRAYA VITHOBA 
Control Design for a Cryogenic 
Fluid Storage and Supply System. 
Chemical Engineering 
KEETON , STEWART CHARLES 
Rela tivis tic Energy Bands and 
Fermi Surf aces for Some Heavy 
Elements. 
Physics 
KOHLMEIER, RONALD HAROLD 
Vitamin A & E Inter r elat ions in 
High -Concentrate Finishing 
Rations for Beef Cattle . 
Animal Science 
KOSl\fARA, OE TIT 
Availability of Added P in Dif -
f e r ent Iowa Soils. 
Agronomy 
KOTECHEELI, SAVITRI RAMARAO 
Studies on the Biosynthes is of 
Retinol and the Effect of Protein 
in Ra ts. 
Foods and Nu trition 
KOVAR, JOHN ALVIS 
Relation of Nonexchangeable 
Magnesium and Potassium t o Deve lop-
ment in Some Iowa Soils. 
Agronomy 
KL' RI GER ' \VILLIAM LOL1IS 
Max i mally Uncoupled Gene rali zed 
;i;o<lal Equations. 
Elect ri cal Engineering 
LACES, JOHN DAVID 
The CIO-Sl\fOC At t emp t to Organize 
the Steel Industry, 1936-1942: A 
Resta t emen t and Economi c Analysis. 
Economics and Sociology 
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LARNER, DONALD 
su3 Particle -Hole States in ca
40
. 
Physic s 
LAUDA, DONALD PAUL 
Factors Related to the Granting 
of College-University Credit 
for Trade and Industrial Exper -
ience in Institutions Of f ering 
Industrial Education. 
Education 
LAURITIS, JAME S ANTHONY 
Fine Struc ture of an Unusual 
Photosynthetic Bacte rium. 
Cell Biology 
LECANDER,RONALD GLEN 
A Study of the Effects of Im-
puritie s and Vacancies on Nuclear 
Magnetic Resonance Line Shapes 
in Interme tallic Compounds . 
Physic s 
LEE, FRED SHING-CHUNG 
Shape Induced Biaxial Anisot ropy 
in Thin Magnetic Films. 
Electrical Engineering 
LEE , KEUM HWI 
Green's Function Me thod for 
Antiferromagnetism. 
Physics 
LEE, RONALD STANLEY 
Hall Effect of Gadolinium, 
Lutetium and Yttrium Single 
Crystals. 
Physics 
LENZ, TERRY GENE 
The Chemistry of Lanthanide 
Extraction from Aque ous Chloride, 
Nitrate and Percholrate Solu-
tions for the Extractant Di -
(2 - Ethyhexy l) Phosphoric Acid. 
Chemical Engineering 
LESHER, MERLE RALPH 
Grievance Procedures for Cer ti-
fied Personnel in the Public 
Schools of Iowa. 
Education 
LINGREN, HERBERT GEORGE 
Social and Psychological Variables 
Related to Farmer Behavior in 
the Use of Pesticides. 
Economics and Sociology 
LIPPKE, HAGEN 
Etiology and Prevention of 
Legume Bloat. 
Animal Science 
MC BRIDE, HOLLIS DEAN 
The Crysta l Structures of Tri-
phenyl Aluminum and Lead (II) 
Bromide . 
Chemis try 
MC CANN, LEE IVON 
The Effects of Early Experience 
and Paternal Irradiation from 
Avoidance Learning, Weight Gain, 
and Open-Field Behavior in Swine. 
Psychology 
MC DANIEL, HARLESS ALTON 
Brain Lesions and Viremia in 
Swine Infected with Hog Cholera 
Virus of Low Pathogenicity . 
Ve t erinary Pathology 
MC DONALD, JOHN STONER 
Intramammary Infections in Dairy 
Cattle Repeatedly Exposed to 
Streptococcus Agalactiae and 
Aerobacte r Aerogenes and some 
Factors Related to Susceptibility . 
Ve t e rinary Microbiology 
MCGAUGHEY, WILLIAM HORTON 
Role of Salts in Oviposition Site 
Selection by Black Salt-Marsh 
Mosqui t o , Aedes taeniorhynchus 
(Wiedemann) . 
Zoology and Entomo lo gy 
MC MAHON, WILLIAM RAYMOND 
Hemisphe rical Spectral Emi tt anve 
of Selected Rare Ear t h Oxides. 
Ceramic Engineering 
MC ROBERT S , KEITH L. 
Opt imi zation of Facility Layout. 
Civil Engineering 
MC WILLIAMS, EDWARD LACAZE 
Ecotypic Differentiation Within 
Amaranthus retroflexus L., 
Amaranthus hybridus L., and 
Amaranthus powell ii Wa ts. 
Horticulture . 
MACHA, ROGER LEE 
Variability Studies of Frui t 
Color and Other Plant Charac t er -
istics in I nterspecific Crosses of 
Yellow Fruited Ras pberries . 
Horticu lture 
MAGILTON , JAMES HENRY 
A Comparative Morphological Study 
of the Brachial Plexu s of Domestic 
An imal s (Bov idae, Ovidae, Capridae, 
Suidae, Equidae). 
Ve t e rinary Anatomy 
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MAHROUS , MOHAMED AMIN ALI AHMED 
Magnetohydrodynamic Entrance 
Region Problem with Heat Trans-
fer. 
Mathematics; Engineering 
Mechanics 
MANWILLER, FLOYD GEORGE 
Tension Wood Anatomy of Silver 
Maple. 
Botany and Plant Pathology 
MARTIN, DAV ID MICHAEL 
Photoelastic Analysis of Grain 
Boundary Stress Concentration 
in Sodium Chloride. 
Ceramic Engineering 
MARTIN, JOEL JEROME 
Thermal Conductivity of Magne-
sium Stannide. 
Physics 
MAYER, LEO VERNON 
An Analysis of Future Resource 
Supplies, Resource Utilization, 
Domestic and Export Demand, and 
Structural Change in the Agri-
cultural Economy to 1980. 
Economics and Sociology 
METZER, ROBERT BENJAMIN 
Natural and Induced Variation 
in Soybean Seed Quality During 
Maturation. 
Botany and Plant Pathology 
MILLER, THOMAS ALAN 
Aggregation Error in Representa-
tive Farm Linear Programming 
Supply Estimates 
Economics and Sociology 
MONTAG, GERALD MARY 
Engineering Valuation of Selec-
ted Food Service Operations. 
Institutional Management. 
MORACHAN, YEDAPPALLI BELLA 
Cumulative Effects of Organic 
Residue Application on Physical 
and Chemical Properties of 
Marshall Silty Clay Loam. 
Agronomy 
MUHLESTEIN, LEWIS DEE 
Electrical Properties of Metal-
lic Sodium Tungsten Bronze. 
Physics 
MUKHTAR, AMIR MOHAMED - SALIH 
Some Interrelationships between 
Vitamin E and Vitamin A in the 
Nutrition of Ruminants . 
Animal Science 
MUNSON, RALPH EUGENE 
Control of Both the European 
Corn Borer and Corn Rootwonns 
With One Application of Insecti-
cide. 
Zoology and Entomology 
MURPHY, CHARLES FRANKLIN 
The Chemistry of 6-Hydroxycrina-
mine and Related Compounds. 
Chemistry 
NAISMITH, DONALD PORTER 
Sensible Heat Sources Using 
Fission Products. 
Nuclear Engineering 
NASSAR, M. SHAWKY FAHIM 
Neutron Termalization in Water 
Using Spherical Geometry. 
Nuclear Engineering 
NELSON, DARRELL WAYNE 
Chemical Transformations of 
Nitrite in Soil. 
Agronomy 
NOBLE, STEPHEN WILLIAM 
Sampling of Heterogeneous Testers 
and the Comparison of a Double 
Cross with Parental and Non-
parental Single Crosses as Tes-
ters for the Evaluation of Corn 
Lines. 
Agronomy 
O'BERRY, PHILLIP A. 
Characterization of Mycoplasmata 
of Bovine Origin and Their Role 
in Infertility. 
Veterinary Microbiology 
OLPIN, JAY LLOYD 
The Isolation and Characteriza-
tion of Microtubules from the 
Oligotrich Ruminant Protozoa. 
Biophysics 
PANAGIDES, STAHIS SOLOMON 
An Econometric Study of the Cyprus 
Economy. 
Economic s and Sociology 
PEARSON, JERRY DEAN 
Numerical Solution of the Navier-
Stokes Equations for the Entrance 
Region of Suddenly Accelerated 
Parallel Plates. 
Mechanical Engineering; 
Statistics 
PEDERSEN, KNUD BORGE 
Measurement of Shurdown Margin. 
Nuclear Engineering 
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PEPPLE, GEORGE WILLIAM 
Relative Apparent Molal Heat 
Contents of Some Aqueous Rare -
Earth Chloride Solutions at 
25° c . 
PETER, CHENEKATU PAILY 
Patholog i c and Immunologic 
Studies on Field and Experi-
mental Postvaccinal Reac tions 
Following Vacc ination Against 
Bovine Virus Diarrhea. 
Ve t e rinary Pathology 
PETERS, LEO CHARLES 
Pressure Di stribution on a 
Fixed Surface Parallel to a 
Ro t at ing Disk . 
Mechanical Engineer ing; 
Enginee ring Mechani cs 
PHILLIPS, RUS SELL ALLAN 
Amplitude Studies of the de 
Haas -van Alphen Effect in Lead . 
Physics 
POWERS, WILLIAM LEROY 
Solut i on of Some Theoretical 
Soil Dr ainage Problems by 
Gene r alized Or thonormal Func-
tions. 
Agronomy 
PRI NGLE, DAV ID LEE 
The Nature of the Polysulfide 
Anion. 
Chemistry 
RATHMACHER , ROBERT PAUL 
Rela tion3h i p of Blood Flow and 
Proge stin Leve ls on Ut e rine -
Ovar ian Func tion in Pigs and 
Rabbits. 
Ani mal Science 
REESE , JUDITH ANN 
A Study of th e Fine Structure 
of t he Blue -Green Alga , ostoc 
Musco rum 
Ce 11 Bio logy 
REESE n RICH ARD ALLAN 
A Moss baue r Eff ect Study of the 
Magnet i c Structure of Single 
Cr ystal Erbium. 
Phys i cs 
REHKUCLER, GERALD EDWIN 
The Biomechan i cs of Forage 
Wafering . 
Agri cu ltur a l Eng ineer ing 
REYNOLDS, JAMES BLAIR 
Factors Affec ting Trap Ne t 
Catches in Oahe Reservoir, 
South Dakota. 
Zoology and Entomology 
REYNOLDS , JOHN EVERETT 
An Econometric Investigation of 
Farmland Va lues in the U. S. 
Economics and Sociology 
ROBERTSO N, DONALD CLAUS 
The Carbohydr ate Me tabolism of 
the Genus Brucella . 
Bi ochemistry 
ROBINSON, JAMES LELAND 
Attitudes of Iowa School Board 
Members Toward Selected Criti-
cisms of Public School Education. 
Education 
ROLSTON, RODRICK R. 
An Ana l ys is of Withdrawal in 
Family Dyad Interaction Th r ough 
The Ag ing Process . 
Economics and Sociology 
ROSE, RO ALD JOSEPH 
Physiological Re spons es of Cock-
e r els to Dietary Protein and 
Energy Res triction. 
Animal Sc i ence 
ROSKOS, ROLAND RUFUS 
Stimu lated Comp t on Sc a ttering of 
Elec trons of a Laser Beam . 
Chemis try 
ROSLIEN , DAVID JOHN 
Incidence of Dis eas e Antibodies 
in Pheasants and Pheasant Manage-
me nt on Game Farms and Shooting 
Preser ves in Iowa. 
Zoology and Entomology 
ROWE , KENNETH E. 
Prediction of Gene tic Improvement 
in a Finit e Popula tion Under 
Se l ec tion . 
Animal Science 
ROZENDAAL , HARVEY 
A Generali zed Me thod for the 
Design of Op timum Rocke t Nozz les. 
Ae r ospace Engineering 
SAMPLE, HOWARD HARSHAW 3 The Heat Capacity of Solid He . 
Physics 
SANDER, MICHAEL RAYMOND 
Pho tochemistry of Ke o -Pregnane 
Derivatives . 
Chemistry 
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SCHEPPERS, GERALD JOSEPH 
The 7-Hydroxy-8-(N,N-Biscarboxy-
methylaminomethyl)-Benzo-y-
Pyrones as Metallofluorescent 
Indicators. 
Chemistry 
SCHLENKER, LARRY DALE 
Thermal Models for Prediction 
of Neutron Flux Levels in 
Reactors . 
Nuclear Engineering 
SCHREINER, DEAN FREDERICK 
An Integrated Growth Model for 
the Basic Sectors and Dependent 
Residentiary Sectors of Southern 
Peru. 
Economics and Sociology 
SCHLUETER, ALBERT WILLIAM 
The Crystal Structure Determi-
nations of CsCuC13 , c10H8Mo 2 (Co) 6, and (NPC1 2J5 . Chemistry 
SCHREUDER, HANS TIJMEN 
Unequal Probability and Double 
Sampling in Forestry. 
Forestry - Statistics 
SCHULTZ, JAMES RICHARD 
Dehydration Induced Inter-
actions of Egg Yolk Lipopro-
teins and Low Molecular Weight 
Carbohydrates. 
Dairy and Food Industry 
SCHWENK, LILLIAN CASLER 
Personality Correlates of Acci-
dent Involvement Among Young 
Male Drivers. 
Education 
SCHWIEDER, ELMER WILLIAM, JR. 
Social Psychological Factors 
Related to Adoption of Public 
Fallout Shelters. 
Economics and Sociology 
SEVENICH, RICHARD ANTHONY 
Defect - Defect Interactions in 
the Silver Halides with Special 
Application to Pure Silve r 
Chloride. 
Physics 
SHARPLES, JERRY ALAN 
Normative Production of Hogs, 
Beef Cattle and Other Farm 
Products in Iowa. 
Economics and Sociology 
SHAY, DENNIS JOHN 
A Spin-One Particle in an Exter -
nal Electromagnetic Field. 
Physics 
SHIREMEN, JEROME VERN 
Serum Protein Variability in 
Bluegills, Leponmis macrochirus 
from Iowa Farm Ponds. 
Zoology and Entomology 
SHUMAN, FRED LEON, JR. 
Similitude Studies of Soil 
Physical Properties Related to 
Shear Strength. 
Agricultural Engineering 
SIBLEY, DONALD NORMAN 
Adoption of Agricultural Techno-
logy Among the Indians of 
Guatemala. 
Economics and Sociology 
SIECK, LAWRENCE KARL 
Studies and Analyses for College 
and University Staff Parking. 
Civil Engineering 
SINGH, SHYAM NARAIN 
Va lue Orientations and Adoption 
Behavior of Indian Cultivators. 
Economics and Sociology 
SIROIS, DAVID LEON 
Toxicity of Surfactant-Herbicide 
Combinations to Lemna minor L. 
Botany and Plant~o~ 
SKAGGS, ROBERT LEE 
The Effect of Carbon on the 
Strength of Thorium. 
Metallurgy 
SMITH, CLIFFORD L. 
Synthesis and Reactions of Terra-
and Trisilylsubs tituted Organ-
opolysilanes. 
Chemistry 
SMITH, CREED DE LANEY 
Biochemical and Genetic Analysis 
of Leucine-, Isoleucine-, 
and Valine-Dependent Mutants of 
Staphylococcus Aureus. 
Bacteriology 
SMITH, FRANCES MARIE 
Refinement of an Inventory to 
Measure Personal Values of Home-
makers. 
Home Economics Education 
SMITH, KEITH PAUL 
Results on the Lane Integral. 
Mathematics 
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SMITH , MERVIN L. 
Si mi l itude Requ irements fo r 
Models of a Vortex Tube . 
Technical Instit u t e 
SMITH, REX LANEL 
Serological Pr ed i ct i ons of 
Beno t ypic Re l ationships among 
Oat Var i e ties Using Antigens 
from Di ffe r ent Plant Parts. 
Agronomy 
SMITH , RI CHARD ROSS 
Mass Se l ect i on by Spec i fic 
Gr avi t y fo r Pr o t ein and Oil 
i n Soy bean Popula tions. 
Agronomy 
SMITH, SAMUEL JO SCPH 
Susceptibil i ty of Interlayer 
Potassium i n Illites to Exchange . 
Agronomy 
SOLIMAN , MOSTAFA AfllN 
Econome tri c Models of th e 
Poul try I ndu s t r y in the United 
Sta t es Economy 
Econom i c s and Sociology 
SOLON, W. LINDY 
Pred i ct i ng Achievement in 
Mul ti -Tr ack Sc i ence Curricu -
1 urns . 
Educat i on 
SO~G , HI SUNG 
Lepton Po l ari aztion in Produc -
tion of N* by Neu tr inos 
Phys i cs 
SOUDER, MARY FERN VANPOOL 
Explo r a t ory St udy of Rela tion-
ships between Selected Aspects 
of Home Env ironment and Employ -
ment Cri t e r ia of the Husband . 
Home Eco nom i cs Educa t ion 
SPARKS , PAUL WHITNEY 
The r mal Expans i on o f Tetra -
hed r ally Bonded Solids a t 
Low Tempe r a tur e s. 
Phys i cs 
SPARROW , GENE R. 
An Analy tica l Tr e a t ment of 
Ion i za ti on Ef f i c i ency Da t a 
fo r Xenon f r om a Re t ard ing 
Poten ti al Ion Sour ce . 
Chem i s try 
SPENCER , JAMES Nfl~S O 
The rmodynam i cs o f the Sol u t i on 
of Me r cu r y Me t a l 
Chem i s try 
STAHL , JOHN EME RY 
Economic Development Through 
Land Refo rm i n Puerto Ri co . 
Econom i cs and Soc i o l ogy 
STIFEL, FREDERI CK BENTON 
Relat i onsh i ps be t ween Al f a l fa 
Leaf Chlo r oplasts and Bl oa t . 
Animal Nu trition ; Biochemis try 
SRIPLUNG , SOMNUK 
Pote ntials in the Economi c 
Developmen t of Tha i land 's 
Agricul t ur e . 
Economi cs and Soc i o l ogy 
STOCKDALE , JERRY DEAN 
Sociolog i cal and So c i a l-Psycho-
logical Fac t ors and Economi c 
Success of Re t ail Firms . 
Econom i cs and Soc i o logy 
STONE, DENNIS RAY 
Field Modu l a t i on Stud i e s o f the 
de Haas -van Alphen Eff ec t in 
Nicke 1. 
Phys i cs 
STORM, DAVID LY NN 
Direc tive Ef f ec t s and Me chani sms 
of Bi mo l ec ular El imina tion 
Reac t ions. 
Chemistry 
STRO 1ER , MARV IN HENRY 
Ul t ras tr uctur al and Molecula r 
Changes i n Stri a t ed Mus c le 
Duri ng Post -Mort em Shortening. 
Cell Bi ology 
TENG, ABRAHAM CHU- YANG 
Sor pt i on o f Hydrogen Chloride 
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